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ABSTRACT 
Because Philippine agriculture has been characterised by the 
dominance of small farms mostly less than four hectares in size, it was 
felt that new technology is a useful approach to improve the productive 
capacity of such farms. Thereby, this study aims to measure the economic 
benefits of new technologies developed for rice farmers in a range of 
practical situations. A case study approach was used .in exploring the 
situation of two sample farmers from the village of Cordova Norte in the 
province of Iloilo. 
Whole farm analysis was employed so that the farm is looked at as 
a whole entity with a set of resource supplies interrelated with the 
various activities of the farmer. This was demonstrated by using a linear 
programming (LP) technique which specified the combination of alternatives 
that will generate the optimal plan subject to specified resource 
situations. 
The impact of the introduction of new technologies (NTs) was 
assessed by comparing the "historical" situation which employs only 
historical technologies and the "new" situation where appropriate new 
technologies, available in the area were included in the farmers' options. 
These NTs include methods of rice crop establishment such as transplanting 
(TPR) , wet-seeding (WSR) , and dry-seeding (DSR) ; as well as new rice 
varieties such as IR36 and improved upland varieties such as corn DMR2. 
The results suggest that complementarities exist between different 
technologies. NTs generate a higher surplus to the farmer although the 
improvement differs in the different types of farms. As the marginal value 
product (MVP) indicates the scarcity of resources, the introduction of NTs 
(vi) 
brought about differential effects according to each farmer's resource 
endowment. The MVPs of cash were raised substantially for the farmer less 
endowed with a cash supply because NTs require more cash inputs. Similarly, 
the MVPs of labour were raised for the farmer with less family labour 
available. In general, the extent and intensity of adopting NTs were 
well governed by the resource base of the farmer, particularly the amount 
of land, labour and cash they used. 
An extension of the usefulness of the farm models was made by 
parametric programming to explore the effects of changing resource levels 
on cash surplus and choice of technology. The results show that increases 
in land and cash were more helpful to the poorer farmer as implied by 
their MVPs while an increase in labour was more important to the richer 
farmer who was endowed with less family labour. The effects of relaxing 
and tightening resource constraints again depend on the farmers' possession 
of the resource concerned. Yield parametisation suggested the role of 
yield in the selection of technology, as the farmer tends to use varieties 
that are high yielding as long as they are economically capable of adopting 
them. Rainfall effects also vary according to the endowment of rainfed 
land. Moving the planting date to later in the first half of the year when 
rain is sufficient for high yielding varieties was of no help to the 
farmer with only rainfed land since the later planting hinders second 
cropping thus lowering the farmer's overall surplus. 
The study provides insight into ways by which the choice of 
technology interacts with the resource base of the farmer. The modelling 
process can have an important application at field level. However, 
limitations associated with the technique should be taken into consideration 
and be fully recognised. The study suggests that a successful planning 
(vii) 
program in the agricultural sector must start with the individual farm 
as the basic planning unit. 
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CHAPTER 1 
INTRODUCTION 
1.1 Background Information and Purpose of Study 
The two outstanding characteristics of Philippine agriculture are 
the dominance of small farms and the pervasiveness of tenancy, particularly 
among rice and com farms. Most of the farms are less than four hectares 
in size and the low income of the farmers barely allows them,to buy the 
few essentials for their families. Little or nothing is left to invest 
in their farms. 
There are five approaches to consider in helping these farmers. 
One is an expansion in the land resource. However, at the current high 
prices which reflect that land is in short supply, a small tenant farmer 
has little chance of ever owning over two hectares. Irrigation is a 
second possibility but a farmer with less than two hectares of land can 
rarely afford the capital requirements for pump irrigation. Another 
alternative is off-farm work which will bring cash to the farm and so 
increase the farmer's working capital. For a few farmers this was possible 
but with the rising unemployment in the city, it is no longer viable for 
most farm families. The fourth alternative is government assistance. 
Although there are a variety of programs to help farmers increase 
productivity and net income, lack of funds deter the government from 
administering this on a large scale (Banta and Harwood, 1975). 
The four approaches do help the small farms but they usually help 
large farmers more. The fifth approach which could be adopted to help the 
2 , 
small fanner is new technology. This may comprise better varieties of 
rice, better varieties of associated crops, a better cropping pattern 
and improved methods of crop and livestock husbandry. Intensification 
of land use will depend not only on the expansion of the irrigated area 
but also on new high yielding and short maturing varieties to permit 
multiple cropping and adoption of new technology. 
It is therefore important to evaluate the impact of new technologies 
on the farmers and to determine which technology is the more profitable 
in farming circumstances. The aim of this study is to measure the 
economic benefits of new technologies developed for rice farmers in a 
range of practical situations. Data were drawn from the work of the 
Cropping Systems Program between the International Rice Research Institute 
(IRRI) and the Bureau of Plant Industry (BPI) which aims to produce 
appropriate technology for intensified cropping, primarily on the small 
rice farms of the country. In the study, the actual cases of two sample 
farmers from the village of Cordova Norte in Iloilo province are explored. 
A linear programming (LP) technique is used in measuring the economic 
impact of new technologies. 
1.2 Description of Iloilo Province 
The province of Iloilo is located on the island of Western Visayas, 
specifically on the southeastern part of the island of Panay. It is 283 
statute miles south of Manila which is the capital and trade centre of 
the Philippines. It takes about eighteen hours to sail by the fastest 
inter-island vessel and fifty-five minutes by direct jet flight. 
The province extends across a total land area of 532,397 hectares. 
3. 
of which around 64 percent is cultivated, 21.4 percent is timberland and 
11.03 unclassified public forest (Bureau of Agricultural Economics, 1970). 
The province has 46 towns and one city, that is Iloilc which is also the 
capital and centre of all activities. The terrain of the province varies 
from rolling lands and hills to mountain peaks with long and narrow 
meandering streams. The level plains are found mostly in the southern, 
central and western portions of the province. The soil texture classification 
includes heavy, medium and light types. 
The climate is classified into type II3 where there is an average 
of 5-6 consecutive wet months of 200 millimetres (mm.) per month or more 
of rain and 2-4 dry months of less than 100 mm. The wet season usually 
commences in June and lasts till November while the dry season occurs in 
the remaining months. The criteria of 100 mm. and 200 mm. for the classif-
ication were based on the monthly water requirements of rice and other 
field crops, and therefore the classification provides general information 
about average durations of rain available to sustain crops. Iloilo was 
chosen as one of the outreach sites because it falls under the agro-
climatic zones for establishing cropping systems test sites (Zandstra and 
others, 1977). 
Iloilo is principally agricultural with rice as the main crop 
followed by sugar cane, coconut, com, mung, fruits and vegetables. In 
Western Visayas where Iloilo is located, 71 percent of the total area 
planted to rice constitute rainfed lowland rice (Table 1.1). In spite 
of the less intensive cropping system in most rainfed areas, Iloilo ranked 
high in rice production, hence it was realized that the area is a 
potential research location for the cropping systems program. Table 1.2 
summarises the general physical characteristics of the Iloilo cropping 
system site. 
TABLE 1.1: Area and Production of 
Philippines by Region: 
Rainfed Lowland Rice 
Crop Year 1973-74. 
in the 
Region Total rice hectarage 
Rainfed 
lowland rice (ha.) 
Percent of 
rainfed lowland 
rice area 
Production 
(metric tons) 
Rain Yield 
(t/ha.) 
Philippines 3,436,800 1,533,890 44.6 2,194,480 1.39 
IlDCOS 351,370 209,320 59.6 289,030 1.37 
Cagayan Valley 392,570 53,250 13.6 192 ,000 1.35 
Central Luzon 506,550 35,840 7.0 361,140 1.80 
Southern Luzon 446,250 51,890 11.6 2 35,600 1.40 
Bicol 340,5 30 15,460 4.5 159,450 1.29 
Western Visayas 419,560 298,320 71.1 446,850 1.45 
Central Visayas 79,620 51,850 65.1 76,580 1.45 
Eastern Visayas 162,0 30 103,490 63.8 117,200 1.14 
Western Mindanao 137,980 49,040 35.5 92,110 1.74 
Northern Mindanao 272,790 39,6 30 14.5 108,680 1.10 
Southern Mindanao 327,550 24,980 7.6 114,560 1.15 
Source: Bureau of Agricultural Economics,Philippines. 
TABLE 1.2: General Physical Characteristics of the Iloilo Cropping System Site. 
Rainfall - Months with more than 200 mm. 
- Months with less than 100 mm. 
- Type designation 
Major soil group 
Dominant surface soil texture 
Dominant soil pH range 
Dominant soil organic matter range (%) 
Land system classification 
5-6 
2-4 
2.3 
Pelluderts, Eutropepts, Tropfluvents 
Clays, silty clays 
5.0-6.7 
2.0-3.0 
(a) Inter-hill miniplains and lower colluvial slopes 
of an alluvio-colluvial sub-system. 
(b) Flat plains of a river terrace sub-system. 
Source: Zandstra and Morris, 1978. 
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In terms of infrastructure as of 1970, potable water is supplied 
by 47 waterwork systems and the 746 artesian wells with 558 more wells 
under construction. Water is also drawn from 112 developed springs. 
On the other hand, electrical services are still inefficient. The Panay 
Electric Company provides electric power services to residents in Iloilo. 
city and five districts. In the rural areas, only seventeen towns are 
served. Five towns are expected to put up a cooperative power plant under 
the Rural Electrification Program (Philippines, Bureau of Agricultural 
Economics, 1970). 
A road network of 1297 kilometres connects the capital to all 
towns and barrios (villages) of which 278 kilotmetres are national roads 
and 4 77 are national-provincial roads. Transport facilities are provided 
by ten bus companies, 200 taxicabs and p\±)lic utility cars. There are 
seven shipping lines and three airline companies. 
Nineteen rural banks are available in the province, three government 
banks and nine commercial banks. There are twelve Farmers' Cooperative 
Marketing Associations (FACOMAs) organised by the Agricultural Credit 
Administration. Credit from government lending agencies averages e700^ and 
PlOO from private institutions. 
In late 1974, the municipalities of Oton and Tigbauan were selected 
as sites for the study of cropping potentials in a rainfed rice area typical 
of Philippine rainfed rice farms. Some outreach test sites are in six 
barrios in Tigbauan one of which is Bo. (barrio) Cordova from which the 
sarrple farms used in this study are drawn. The six barrios in Tigbauan 
are adjacent to each other (Figure 1.1). The total site population (for 
Oton and Tigbauan) is 7,093 with an average of 975 people per barrio. As 
1 Peso = US$7.50. 
7. 
of 1976, there are 5,502 hectares of cultivated land in Tigbauan of which 
only 50 hectares are irrigated. But with the new irrigation set-up in 
Bo. Cordova, this is expected to increase. Table 1.3 describes the 
location and area of twenty economic cooperators in Tigbauan where 40 
percent is rainfed lowland. 
In the test site, five landscape classifications are distinguished, 
namely knoll (or summit), plateau, sideslopes, plains and waterways 
(Figure 1.2). Plateaus and plains comprise the majority of the land. 
The cropping patterns include rice double cropping on about five percent 
of the arable land, usually in plains and waterways and rice upland crops 
to about 11 percent, usually in the upper landscapes, sideslopes, and 
plateaus. Most of the land was earlier allocated to a rice-fallow 
pattern, that is single rice cropping. The patterns changed through 1977 
with double cropping dominating (Table 1.4). The average farm size is 
< 
1.48 hectares and share tenancy is the common land tenure wherein the 
landlord and tenant apportion the crop produce and expenses. Farmers 
depend heavily on animals, particularly carabaos (water buffalos) for 
draft power. The water service classes are identified in Table 1.5 
according to the duration and availability of irrigation after the end of 
the wet season. 
2 1.3 Description of Barrio Cordova Norte 
The village of Cordova Norte where the farmers studied here are 
residing is located about seven kilometres away from the town proper of 
Tigbauan which is about 22 kilometres southwest of Iloilo city. The barrio 
Discussion was heavily drawn from Servano, 1977. 
FIGURE 1.1: Project Site Map of Iloilo. 
^ To San Miguel 
^ To 
TABLE 1.3: Location and Area Description of the Farms of 20 Economic 
Cooperaters, Tigbauan, Iloilo., , 1976-77 Crop Year. 
Location 
Description 
Total No. of 
Rainfed Upland Irrigated Partially 
area farms 
Lowland Irrigated 
Hectares 
Cordova Norte 5.8 6.6 - - ,12.4 6 
Napnapan Norte. 0.9 1.1 5.7 - 7.7 6 
Napnapan Sur 1.9 1.0 3.4 - 6.3 5 
Bitas 6.1 - 1.7 - 7.8 3 
Total 14.70 8. 70 10.80 - 34.20 20 
Percent 43 25 32 - 100 
Source: Baseline Survey 1976-77. 
FIGURE 1 . 2 : Schematic Presentat i on o f Geomorphic and P e d o l o g i c Condi t i ons 
in I l o i l o Outreach S i t e . (Source: M.E. Rayrnundo, 1976) . 
Landsccpe position 
„ >, i Lands 
i ^ 5 i o £ . river p i-j I 
g a i terrace 
Soil texture: 
Loamy texture or 
•'•'••'Z-y-V:':. non-expanding d a y 
Hydro.'ocy . 
( I ) PlL'viC, ( 2 ) Fluxic, ( 3 } F!ux;-cumulic, ( 4 ) Cumulic, ( 5 ) Cumulo-dolugic o 
TABLE 1 . 4 : Percentage of Crop Land in Rice-based Patterns, 
I l o i l o Baseline Survey, 1974-1977. 
1 1 , 
Pattern 1974-75 1975-76 1976-77 
Rice-Rice 
Rice-Fallow 
Rice-Other 
Other 
5 
82 
11 
2 
20 
47 
28 
5 
37 
20 
30 
13 
Total 100 100 100 
Note: 1974-75 data were obtained from the baseline survey in 1975 while 
1975-76 and 1976-77 data came from the farm record keeping study. 
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TABLE 1.5: Description of the Different Water Source 
Classes occuring at the Iloilo Test Site. 
Class Description 
Rainfed Strictly rain fed. No supplemental 
irrigation. Depends entirely on rainfall 
for water accumulation. 
I Partially irrigated. VJith supplemental 
irrigation at least one month after the 
end of the rainy season. 
II Partially irrigated. With supplemental 
irrigation 1 to 2 months after the end of 
the rainy season. 
III Fully irrigated. Has available water 
eleven or more months of the year. 
Source: Zandstra and others, 1978. 
13. 
has a total population of 930 of which 176 households are confined in 
an area of 362 hectares. The place is mostly lowland except for the 
sloping terrain across the upper northeast section. Only 20 percent 
or about 75 hectares of the village area is planted to sugar cane. The 
plots are mostly located on the flood plain proper and have a shallow 
water table and easier tillage than those on the plateaus which favour 
indigenous high cropping intensity. 
Two rivers lie near the village, the Sipa-Libas on the east and 
the Sibalom on the west. Recently,, the irrigation system extended to 
the village but a considerable proportion of the lowland still remains 
rainfed. The electrification project has served the village particularly 
the houses along the main street. The household water system is quite 
poor but a few years ago, a government agency installed two artesian 
wells for safe drinking water. At present, every family either maintains 
a dug well or just shares with the neighbours. 
The village has so far undergone some innovations. A Barrio High. 
School opened nine years ago has elevated the educational quality of the 
people. As an example, in 1975, a woman from the place received the 
Presidential Citation for the Masaganang Maisan School On-the-air 
Outstanding Graduate and was also named the "Most Outstanding Farmer of 
the Year". There are also formal as well as non-forroal organisations 
existing in the village. The Barangay Council which is a local 
government body dominates them all. Furthermore, a nationwide pre-
cooperative rice farmers' association, the Samahang Nayon is also there 
with 39 members. Likewise, there are some youth clubs such as 
Kabataang Barangay, the 4-H Club and the Rural Youth Club. Other social 
groups include the Parents-Teachers Association, Rural Improvement Club 
and Health Center Organisation. 
14. 
1.4 The Case Study Farmers 
In the whole test site of Iloilo, 45 sample farmers were drawn, 
two of which have been used as case study farmers in the study? Before 
looking at the individual farm-household situation of these two farmers, 
the overall resource situation of the 45 economic cooperators in the area 
is observed. Appendix Tables la to Id present the frequency distribution 
of income, annual labour, farm area with further classification such as 
upland, rainfed, partly irrigated and fully irrigated. Average income is 
P6299 with a wide standard deviation of almost P6000. It could be 
observed that most of the farmers fall within the lower income bracket, 
that is from g501 to g6200. Only 20 percent of the farmers in the whole 
area belong to the higher income range of P10401and above. 
Labour-wise, fifty percent of the farmers use labour annually at 
an average ranging from 400 to 1300 hours (Appendix lb). This low 
average may be attributed to the small land area the farmers are tilling. 
As shown in Appendix Table Ic, the great bulk of the farmers have an 
area ranging from 0.400 to 3.500 hectares. Moreover, almost fifty percent 
of these farmers use an area of 1.500 hectares or less. In fact the 
average land area is only 1.938 hectares with a standard deviation of 
±1.135. In Appendix Table Id, it is shown that most of the land is 
rainfed with size usually ranging from 0.400 to 1.500 hectares. Seventeen 
farmers have their farms under irrigation, ten farms have upland and 
only three have partial irrigation. 
Looking next to the basic farm-household situation of the two case 
study farmers, it can be seen that they represent either end of the range 
of resource endowments typical of farmers in the area. 
^ See Appendix A for method of data collection. 
15. 
1.4.1 Pascual Tuhao 
The Tuhao household basically depends on a 1. 589 hectare farm 
for making a living. They till five parcels of land which are widely 
scattered. Only one of them, 0.225 hectares in size, is owned by them; 
an area of 1.026 hectares is partly owned and the rest are share-
tenanted. Two parcels are devoted to upland crops and the remaining 
three are rainfed farms mainly planted to rice (Table 1.6). 
The Tuhao is a big family and Pascual's wife and three children 
generally help him in the farm. The total maximum man-hours all of them 
can contribute to the farm is estimated as 101 generally and 173 during 
vacation. The man-hours specified for each member are the maxima which 
each feels he can contribute each week. With respect to animal hours, one 
carabao (water buffalo) is available which can serve a maximum of 48 
hours a week. 
The initial cash supply at the beginning of crop year (week 14) is 
P600 and this can be supplemented by loans which Tuhao can obtain either 
from lending agencies or private lenders. He personally decides not to 
borrow more than P600 from either source of credit. The loan and interest 
repayments reduce the cash supply at later stages of the year. Tuhao did 
not avail himself of the Masagana 99 loan, a government's agricultural 
credit scheme, nor did he join the Samahanq Nayon, a farmer's pre-
cooperative association and when asked the reason for not joining, he 
would simply answer "I still have to see". Pascual did not have any formal 
education though he went through the "Cartilla System" which is a sort 
of personalised learning during the Spanish times. 
The family's annual household expenditure is g2409 and this of 
TABLE 1.6: Basic Farm Household Situation of Pascual Tuhao 
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Land 
Class 
Tenure 
Area (hectare) 
Total area (hectare] 
U 
PO 
Parcel 
R 
ST 
0.804 0.225 
1.589 
R 
FO 
R 
ST 
0.225 0.113 
PO 
0.222 
Farm household 
Available family labour (man-hours/week) 
Name: 
Pascual 
Encamacion 
Domingo 
Aquilius 
Diding 
Total 
Generally: 
53 
6 
16 
18 
101 
During Vacation; 
53 
6 
48 
48 
18 
173 
Household expenditure (g/year) 2409 
Other earnings (P/year) 1288 
Home consumption of palay (ton/year) 1.14 
Liquid cash, week 14 (g) 600 
Credit availability 
i) Rural Bank P300 (12% interest per year) 
ii) Local money lender g500 (50% interest per year, repayable in kind) 
Work animals/power 
1 car£ibao available animal-hours per week: 48 
U = upland, R = rain fed 
PO = partly owned, ST = share tenanted, FO = fully owned 
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course reduced the cash inflow to the family. Rice and upland crops 
provide them with a considerable income. To augment this, the family 
indulges in other income-earning activities. The annual maximum 
earnings from other sources amount to P1288 and this comes from gathering 
tuba, a fermented wine, from his eight coconut trees aro\ind the house. 
Aside from this, Pascual also weaves baskets, mats and other house 
accessories out of bamboo strips which he sells from P2 to P5. On the 
other hand, his wife raises chickens and pigs and sometimes she tends a 
pig for a villager where she gets an equal share once sold. Even their 
children get some earnings from either farm or off-farm jobs (Servano, 
1977). 
Traditionally, the farm products are kept for household consumption. 
The family consumes annually an estimate of 1.14 tons of palay and 
presently the rice production is not enough to take care of their rice 
consumption. At times when they need cash and cannot borrow at once, 
they even tend to sell their products. At certain times of the year, 
particularly August and September, they have to eat corn. 
Pascual Tuhao could be classified as "quite poor" in view of his 
resource endowments and living situation. He remains relatively untouched 
by new advancement and he is just being sensible for he could not afford 
to take chances in uncertain ventures. He and his wife are almost in 
their 60s and though he believes that changes go with time, it is getting 
late for them. 
1.4.2 Ernesto Tamon 
In contrast with Tuhao, Ernesto Tamon could be classified as a 
"quite rich" farmer. His superior asset position over Tuhao is made 
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obvious by size of farm alone. Tamon has a much bigger area of 3.661 
hectares and that shows he is one of the fanners in the site falling under 
the higher bracket of farm area (Appendix Ic). Three parcels of his land 
are irrigated with a total area of 0.795 hectares. Most of the land is 
fully owned except for a 0.520 hectare which is share tenanted (Table 1.7). 
Minor participation of family members in the farm may imply that 
they are hiring outside labour. In fact, Tamon has three daughters who 
have other occupations outside the farm. Two of thetn have university 
degrees and their earnings contribute a lot to the family income. The 
other one is still studying full time. 
Like Tuhao, he only has one carabao with a maximum 48 animal-hours 
available weekly. His higher limit on loans, that is Pi,500 at 12 percent 
rate of interest annually, can be attributed to his higher asset security 
position. 
In terms of social activities, Tamon is more active than Tuhao. 
He was even once the leader of a farmer's federation before Martial Law. 
Until now, he still participates in other organisations in the area. 
Furthermore, he is rated to be a better manager in the farm based on 
observations of day to day behaviour. He has better standards of field 
cultivation and better crop responses, than Tuhao. 
TABLE 1.7: Basic Farm Household Situation of Ernesto Tamon. 
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Land 
Class 
Tenure 
Area (hectares) 
Total area (hectares) 
FO 
Parcel 
ST FO FO 
R 
FO 
3.661 
R 
FO 
1.847 0.520 0.131 0.144 0.713 0.306 
Farm household 
Available family labour (man-hours/week) 
Name 
Ernesto 
Gloria 
Henry 
Total 
Generally 
49 
7 
64 
Household expenditure (#/year) 
Other earnings (P/year) 
Home consumption of palay (ton/year) 
Liquid cash, week 14 (¥) 
4240 
3460 
1.804 
1060 
During Vacation 
49 
7 
49 
105 
Credit availability 
Rural Bank #1,500 (12% interest per year) 
Work animals/power 
1 carabao available animal hours per week: 48 
U = upland, I = irrigated, R = rainfed 
FO = fully owned, ST = share tenanted 
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CHAPTER 2 
METHODOLOGY 
2 .1 The Advantages o f Linear Programming 
T r a d i t i o n a l l y , c o s t and return analys is has been used to measure 
the economic b e n e f i t s as the net return obtained from deducting var iab le 
c o s t s from gross returns . But the method i s b e l i e v e d to have some 
disadvantages o f inappropr iate p r i c i n g o f inputs and outputs because 
o v e r a l l average p r i c e o f var iab le inputs i s used and land and c a p i t a l 
are p r i c e d at zero and t h e r e f o r e are omitted as overhead c o s t s . This 
i s l i k e l y to be inaccurate and to d i s t o r t comparisons between d i f f e r e n t 
crops and t e c h n o l o g i e s whenever any minor changes in major resources are 
made. The method can be qu i te accurate in measuring the b e n e f i t s o f 
d i r e c t l y s i ibs t i tutab le component t e c h n o l o g i e s , such as d i f f e r e n t 
f e r t i l i z e r s , seed v a r i e t i e s , as long as s u b s t i t i t i o n s make only small 
changes on the use o f b a s i c resources such as land, labour and c a p i t a l . 
However, when cons iderab le changes in the u t i l i s a t i o n o f these resources 
are invo lved , the t r a d i t i o n a l c o s t and return analys is becomes crude 
because o f using zero p r i c e s f o r land and c a p i t a l and average p r i c e f o r 
labour . This does not recognise the real supply and demand p o s i t i o n 
which determines the ac tual p r i c e o f resources and t h e r e f o r e has major 
e f f e c t s on the c o s t o f using a technology (Barlow, Jayasuriya and o t h e r s , 
1978) . 
Due to the l i m i t a t i o n o f t h i s t r a d i t i o n a l method, l i n e a r programming 
(LP) was p r e f e r r e d f o r the farm budgeting procedure . I t i s a mathematical 
technqiue f o r choosing that combination o f a l t e r n a t i v e s which w i l l give 
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the opt iinuin plan subject to specified restrictions or side conditions. 
Since the evaluation of the multiple cropping systems looks at the context 
of the resources possessed and constraints currently faced by the farmers, 
LP was used to analyse the alternatives and select the optimum cropping 
system under the farm situations assiamed. The use of LP is necessary due 
to the large number of crops that can be grown at different times of the 
year, each with many possible planting dates, different varieties, input 
levels and production techniques. Moreover, the land, labour, and capital 
requirements for each crop are not necessarily constant throughout the 
growing period. The ability to hire-in and hire-out resources must be 
taken into consideration. For every set of resource situations and 
constraints, an LP analysis can provide information such as optimal 
choice of crops, optimal sequencing of crops within the year, optimal 
time of planting each selected crop, optimal production technology for 
each selected crop including variety of crop, input levels, method of 
establishment and production techniques and the optimal level of resource 
use for both owned and hired resources. 
2.2 Linear Programming Technique in Whole Farm Analysis 
In this study whole farm budgeting is presented as a system of 
economic assessment which can usefully qualify the results of costs and 
returns analysis. Such budgeting measures the economic benefits of both 
new and historical cropping technologies in the context of all the 
farmers' economic activities, including his other agricultural enterprises 
and his household and off-farm operations. The major resources of land, 
labour and capital are all valued according to their actual availability, 
and to the demand which exists for them at a particular time. Whole farm 
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budgeting is a form of mathematical modelling based on linear 
programming. The modelling process selects a mix of technologies which 
maximises the overall money surplus over cash costs for each situation 
treated, subject to the major constraints of land, labour and capital. 
This selection of technologies is known as an optimal solution and each 
technology is assessed according to its effect on the overall money 
surplus. The modelling procedure aims to simulate the decision-making 
process of the farmer, and to look at the economic impact in the whole 
farm context of any new technologies which he might wish to adopt. 
2.2.1 Application of LP Technique in Similar Studies 
LP has been widely recognised as a useful method in farm 
planning. It was adopted by the agricultural economists in the mid 
1950s principally as a research technique and since then was worked 
out to -be useful at farm levels for individual planning. Most 
recent studies include that of Heyer (1971) on peasant farms in Kenya. 
Wardhani (1974) found it useful too for planning in land settlement in 
Indonesia and Thodey and Rupeepun (1974) in Thailand's multiple cropping 
system program. The technique was also used in the study on planning 
agricultural development of Tonga by Hardaker (1975) and of India by 
Sharma (1977). These studies reveal the complexities and diverse nature 
of peasant farming which make formulation of a realistic model difficult 
in the absence of reliable and adequate data. Though the results may 
have shown limited promise and appropriateness of using only one 
objective function for small farmers, they do indicate the lines along 
which further development should be made. 
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2.2.2 Description of LP Technique 
Wliole farm budgeting can be done by linear programming. As a 
mathematical programming method, LP can be expressed in the following 
matrix notation for. profit maximising problems such as the one treated 
in this study: 
Maximise 2 = CX 
subject to PX ^ S 
and to the non-negativity condition: 
X ^ O 
where 
C is a row vector of prices or weights of m i t levels of 
activities available to the farm (C ~ 2 ' '^ k^  ' 
X is a colximn vector of unit levels of the set of activities (X=x ) 1 2 n 
P is an m x n matrix of technical coefficients representing 
the amount of certain restricted resources (or inputs) used 
by the unit levels of activities; and 
S is a column vector of the available amounts of m restricted 
resources (S = s^,s , s ). 1 2 m 
All these figures together form a matrix or rectangular block of numbers, 
consisting of both column and row vectors as illustrated in Table 2.1. 
The mathematical problem stated above implies the selection of a 
particular combination of activities maximising the total surplus CX 
subject to a constraint that the amounts of restricted resources used by 
a production activity X do not exceed their available supply S, and 
that none of the processes can be carried out at negative levels (X > O) . 
The problem is solved by an iterative procedure which involves the use of 
an electronic computer. To be described in the model, each activity or 
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TABLE 2.1: Illustration of the Matrix 
Activity Level X 
^2 
Surplus per unit 
of activity 
Restricted resource 
availabilities S 
Input-output coefficients 
for each activity 
•Pi 1^ 2 ^k 
c . 
• ^2 
Pll Pl2 
P2I P22 
• Plk 
• P2k "2 
s m Pml Pm2 Pmk ^k 
Note: k=l,2,...m and m=l,2,...n. 
technology must be specified in terms of the surplus C it is expected to 
give, and the requirements P , it has of all important farm resources S . 
Subject to the adequacy of the model, LP entirely eliminates the 
problem of inappropriate pricing in cost and return analysis. It 
imputes appropriate prices to all restricted resources when choosing the 
optimal combination of technologies. It generates the shadow prices of 
each activity and resource supply. These shadow prices are of two types: 
one is marginal value product (MVP) which is the value imputed to a scarce 
resource which represents the amount by which surplus would rise if one 
extra unit of the resources was used. The second type is the marginal 
opportunity cost (MOC) which is the amount by which the surplus would 
decrease if one unit of the activity excluded from the optimal plan is 
forced into the solution. The dual role of LP will be apparent as the 
optimal plan is computed for given resource supplies and product prices. 
25. 
and the sensitivity of the optimal plan to changes in these parameters 
is measured by the shadow price. 
2.2.3 Limitations of LP Technique 
The basic LP technique still has some weaknesses in its role in 
whole farm planning. Like other models or techniques, it is limited in 
its ability to represent reality by the assumptions on which it is built. 
The assumptions underlying LP are as follows: 
- Linearity; the objective function and every constraint 
of LP is in linear form 
- Additivity; each activity and limiting factor is independent 
of all others 
- Divisibility; choice variables may enter the solution at any 
fractional level 
- Non-negativity; a negative amount of any activity can not 
be produced 
- Perfect knowledge; constants or coefficients are assumed 
to be certain. 
The assumption of linearity implies constant returns to scale and fixed 
factor proportions such that marginal output of each activity is the same 
regardless of the level of activity. Like costs and returns analysis, LP 
ignores the effects of variable outcome on the farmer due to its 
assumption of certainty and single-valued expectation. In reality, the 
economic outcome of using a technology will vary as a result of changes 
in climate, soils and many other factors. Further, perfect knowledge 
indicates that all values are known in advance at the beginning of the 
period and remain fixed. This implies that the farmer is faced with 
absolute certainty rather than a situation of risk and uncertainty which 
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is more likely for small farmers. Hence, the deterministic nature of 
LP reduces its inappropriateness in real life decision-making particularly 
when additional new technologies is considered. 
2.2.4 Parametric Analysis 
In view of the drawbacks of the LP technique, parametisation of 
yields and resource constraints is further undertaken once the optimal 
solutions are obtained because the effects of real changes in yields and 
resource constraints are of interest. The case study farmers are examined 
and used to make estimates for other farms also. This analysis is 
necessary in analysing the impact of varying the key parameters of the 
binding resource supplies to provide alternative options for decision-
making. Maruyama (1972) justifies parametric analysis by (a) the 
apparent difficulty in revealing the farmer's aversion or preference 
toward uncertainty, and (b) the insufficient reliability of the basic 
informational inputs, as is often the case in many practical farm planning 
applications. It is also felt useful to extend the use of the models 
beyond actual resource levels in the case study situations. 
2.3 The Whole Farm Budgeting Model in LP 
In an LP model, the family farm is viewed as a whole entity with a 
set of resource supplies in which a range of alternative enterprises of 
crops and livestock can be chosen to satisfy the objective of farming. 
The farm as a system is expressed in the form of an input-output matrix. 
The Budgeting Model in Table 2.2 details the row and column vectors of 
the matrix illustrated in Table 2.1 depicting the actual farm situation. 
It covers one normal crop year of operation in the Cordova Norte area 
which starts from week 14 (April 2) to week 13 (April 1). 
TABLE 2 .2 : Ou t l i n e o f the Whole Farm Budget ing Ma t r i x 
A c t i v i t i p " ^ CY1 ^ ^ TT , Family I.abour Carabao ^ Cash Cash ^x) Crop Crop Crop Other Household . — Crop 
J 4_ • -, . Loans labour ^ i r i n a labour ^ s a v i n g s u r p l p roduc t i on consumption s a l e ea rn ings expend i ture , , ^ . , , . , , , t r a n s f e r 
/V, N / N / V t r a n s f e r wx ly h i r i n g wkly , , wkly wkly 
Resources (S) ( ha . ) ( t ons ) (P) (P) (P) w k l y ( m / h r s ) (m/hrs) ( a n / L s ) (P ) (P ) 
Land ( d i f f e r e n t t yp e s ) ^ "^ Pjnk 
w k l y . ( ha . ) 
Labour ( d i f f e r e n t sources) >+p 0 0 0 0 0 +p ±p - d +d 
- mk '^ mk "^ mk ^mk "^ mk wk iy . (man-hours) 
Carabao t ime , wk ly . . > +p , 0 0 0 0 0 0 0 - p +d 
nik J^ mk '^ mk (animal hours ) 
Cash supp l y , wkly (? ) > +p , +p , - p , - p , +p , ±p , 0 + p , +p 0 +P , +P 
C r e d i t maxima (g ) 0 0 0 0 0 +p 0 0 0 0 0 0 
mk 
Household expend i tu r e 0 0 0 0 +p 0 0 0 0 0 G O 
min. ( g ) 
Other e a rn ings 0 0 0 +p 
maxima ( g ) 
Surplus pe r u n i t o f 
a c t i v i t y ( ? ) 
mk 
Crop ba lance ( t ons ) 0 + P i + P , 0 0 0 0 0 0 -p 0 0 
mk mk -^ nik 
Consumption minima < 0 ® ^ 0 0 , ' 0 0 0 0 0 
( t o n s ) 
Carabao a v a i l a b i l i t y 0 0 . 0 0 0 0 0 0 +p 
(head) mk 
Crop t r a n s f e r ( t ons ) -p 0 0 0 0 0 0 0 0 +p 
0 0 0 +C 
k 
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The various activities are shown across the top of the matrix, and 
the resources are detailed on the left hand side. The amount of restricted 
resources required by a unit of given activity is denoted by a coefficient 
p in the relevant row vector. In the matrix these coefficients are on mk 
a per hectare basis every week and can have a positive (+) or a negative 
(-) sign or sometimes be zero. A + sign denotes that resources are used 
up by the relevant activity; a - sign implies that the activity involved 
contributes to the row vector; and zero means it does not have any 
effect on the row vector concerned. The surplus for all activities is 
denoted by c . For example, the crop production activity uses up land 
K 
in the row vector, and since the analysis is on a per hectare basis, the 
input-output coefficient in the model is +1. 
Land, labour, and cash supply are the major inputs for crop 
production. Constraints on the use of these resources as included in 
the models may be due to technical, economic, social or institutional 
factors. Minimum and maximum area restrictions reveal preferences of 
the farmers for certain crops or imply technical and/or economic problems 
which cannot be easily specified as constraints on a single farm. As 
shown in the basic household situation of the case study farmers, the 
operational land holding size for Tuhao is 1.589 hectares and for Tamon 
3.651 hectares. Land is classified into four categories, upland, partly 
irrigated, irrigated and rainfed, further broken down according to tenure 
status whether fully owned, partly owned or share-tenanted (Tables 1.6 and 
1.7). The limited irrigated land restricts the cultivation of newly 
introduced crops which require irrigation. 
As to labour and animal power supply and restrictions, almost all 
farming operations are done by family labour, particularly in Tuhao's 
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farm, with the help of one carabao. Hired labour is particularly used 
in the early stages of cropping such as weeding, land preparation and at 
later stages (especially harvesting) only share labour, aside from family 
labour, is used. Labour cannot be hired for cash payment for harvesting 
and this has been institutional in the area. The animal labour may not 
be as critical as man labour, especially during peak periods which are 
considered to be in early Jaly, August, and early December when harvesting 
of first and second crops usually take place (Appendix Figure A). 
Cash supply or availability also comes as a restriction to farming 
activities. Income can be generated from the farm through crop sales and 
from the off-farm earnings of both the farmer himself and other family 
members. Under the basic household situation, farmers generally decide 
to acquire loans because of required inputs to be purchased for the farm. 
Generally speaking, the credit institutions in the are provide credit 
for farming purposes at a highly subsidised rate of interest, i.e. 12% 
per annum. The private money lenders, however, charge a very high interest 
of even up to 50% a year. The farmers themselves judge the maximum limit 
on credit they can get, based on their own assessment of their financial 
or other resource situation. 
The matrix shows how the activities across the top of the table are 
linked up with the relevant resources. It was mentioned before that crop 
production activity uses up land, as well as labour, carabao time and 
cash supply. However, crop production also contributes yield either to 
a crop balance or crop transfer row. This is the yield net of landlord's 
and harvesters' share and is linked with farmer's share as a result of 
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harvesting by family labour on share-tenanted land.^ The p for this inx 
yield contribution is negative since yield is contributed to the row. 
If yield is contributed to the crop balance row, nothing is contributed 
to the crop transfer row or the other way around. 
The next activity in the column vector is "crop consumption" which 
is defined for each crop in the farmer's home. These vectors take 
quantities from the relevant crop balance row and add them to the relevant 
"consumption minimum" row which Is set at a level to satisfy the minimum 
consumption requirements of the farm household. These items are important 
since small rice farms generally consume a large portion of their farm 
produce for feeding both the family and animals. Cash is sometimes used 
to buy crops when production is not enough to meet the consumption 
requirements. 
The third category of activities is "crop sales" whose vectors 
take crop out of the balance rows and the amount of sales in cash is 
contributed to the relevant cash supply row. 
The other categories cover the range of activities normal to a 
farm household unit. An "other earnings" vector adds cash to the cash 
rows in weeks where such earnings are expected. A "household expenditure" 
vector, on the other hand, gets from the weekly cash rows the total cash 
expenditure in each week. "Loan vectors" usually add cash in earlier 
weeks of the crop for purchase of inputs but take away cash (or crop 
balance) at later stages of the crop year when repayments of loan and 
interest are due. 
Farmer's share on share tenanted land = [Total yield -
harvesters' share of Vs of total yield] + harvesters' share 
e.g. if total yield = 2.400 tons/ha. 
Farmer's share = /^g [2.400 - Ve x 2.400] + Vg x 2.400 
= 1.333 + 1.400 = 1.733 tons. 
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Sets of weekly "labour hiring" and "carabao and labour hiring" 
vectors allow respectively for hiring units of labour on their own, or 
in conjunction with a work animal. These vectors contribute to labour 
and animal time in certain weeks but also take away from the cash rows 
for payments of these resources in the same week. Family labour transfer, 
on the other hand, may take away from the labour row some hours for work 
on the other farm. "Cash saving" vectors affect cash supply, and 
"cash surplus" vectors allow cash not needed in the profit-maximising 
combinations of activities to be set aside as a surplus to needs. 
Each cash surplus vector is defined in one peso units and thus has 
a surplus, C , of Pl.O per unit of cash surplus activity. The total K 
of the individual surpluses generated by all units of cash surplus 
vectors is the total surplus, CX, which is maximised in the objective 
function. It is what the farmer earns after purchasing all inputs, 
including labour and animal time over the crop year covered. As 
such, the total surplus is a return to management, land, family 
labour, and working capital tied-up in the farm-household enterprise. 
The matrix indicates how the farm model facilitates interrelation-
ships among the various activities of the farmer and dependence of these 
activities on basic farm resources of land, labour, animal .time and cash. 
The process of selection of LP of the optimum combination of activities is 
in the light of farm resource prices determined in the framework of the 
model. 
Appendix Table II illustrates how the budgeting model accommodates 
a new technology vector, transplanted IR36, first crop, share tenanted 
rainfed land, harvesting by family labour, on the farm of Pascual Tuhao. 
It is sho'.-m how the one-hectare unit of this vector is linked with the 
relevant resources. The vector uses one hectare of share-tenanted rainfed 
land over weeks 25-40, or in the budgeting matrix, p , is +1,0. Labour mk 
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is used up in weeks 23-40 and the appropriate (positive) labour 
coefficients are detailed for each week. Carabao time as well is used 
in weeks 24 through 26 for ploughing and harrowing. Cash is also used up 
in certain weeks for inputs. Finally, the negative coefficient -1.733 
implies that the crop harvest share of the farmers is added to the relevant 
rice balance row. 
2 .4 Activity Analyses and Historical Technology Vectors 
In most farm budgeting assessments, the historical technologies (HT) 
are a basic component. They are called historical in the sense that they 
have already been used by the farmer in the past. To some extent, the 
benefits derived from new technologies must be measured against the 
benefits conferred by technologies used in the past. It is also doubtful 
that, from one year to the next, a farmer will abandon well-tried 
historical methods for new technologies, however promising the latter may 
seem. Generally then, new technologies must be considered together with 
historical technologies in a realistic farm budgeting model. 
The historical technology vectors in this study are constructed 
based on activity analysis which is a catalogue over time of the recorded 
inputs and outputs pertaining to a given crop of a given specification, 
on a given plot in a given year (Barlow et al, 1978, pp. 10-11). The 
analysis details, by weeks and operations, the actual recorded inputs per 
hectare of man and animal hours, seed and fertilizer together with 
harvested yields. An example is given for transplanted rice (TPR) BE3 as 
first crop in a rainfed plot of Tuhao in crop year 1975-76 (Appendix 
Table III). 
Two steps are involved in determining HT vectors from activity 
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analysis. The first step is to group all activity analyses which refer 
to a given technology as it took place on different plots in different 
years on the farm. The example in Appendix Table III was in fact 
recorded on several plots in 1975-76 and in 1976-77 where activity 
analysis was available in each plot. 
The next step is to define an appropriate set of vectors covering 
the range of planting dates and performances represented. Thus, 
Appendix Table IV represents the group of activity analyses covered by 
the historical technology, this pertaining to TPR BE3, first crop on 
rainfed land of Tuhao. The set of vectors depicts the range of timings 
and performances represented by the relevant group of activity analyses. 
Each vector is based solidly on historical data and taken to represent the 
farmer's "most likely" expectation of the possible outcome. 
Looking at Appendix Table IV, it is noticed that ploughing of the 
seedbed could occur within the range of week 20 in vector A to week 32 
in vector H while harvesting, from week 49 to week 4. (Code of cropping 
weeks is given in Appendix Table V). Average labour inputs are also 
shown for both periods of earlier and later plantings. Comparing the 
yields in those two periods, yield from later plantings are lower and 
this could be accounted for by drought stress, hence the yield-dependent 
inputs of harvesting, threshing, winnowing, measuring, hauling and drying 
are lower in the latter vector. 
Other crops included in the historical technologies of the two 
farmers are given in Appendix Tables VI and VII. Historical technology 
vectors were determined for all these important crops identified in the 
two farms. The set of such vectors was based on the recorded activity 
analyses for the farms in two years 1975/76 and 1976/77. 
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2.5 Nature of New Technology Vectors, Their Derivation and 
2 Problems in Derivinq Them 
New technology (NT) vectors are constructed on the basis of 
informed estimates. There are no activity analyses for the technology 
involved and estimates were made in close consultation with the farmer 
himself and agronomists, and in the course of visits to the different 
parcels of the farm. Through these consultations, accounts were made 
on the historical performances of various crops on different parcels, 
on the performances of proposed new technology in trials on the 
adjoining farms of agronomic cooperators, on the estimated managerial 
ability of the farmer, and the farmers' and agronomists' expectations 
regarding the performance of the new technology in the given farm 
situation. 
The estimated new technology vectors reflect the assessments of 
managerial ability of the farmers. Relative managerial ability is a 
major factor causing the differences in the outcom.e of a given technology 
between farmers. The estimates of managerial ability made in the course 
of this study are quite subjective but are based on a cautious evaluation 
of personal traits and historical activity analyses, and an actual 
observation of farming performance. Of the two case study farmers, 
Tamon is judged as the consistently better manager of his farm as shown 
by his historical activity analyses and day to day observations of his 
behaviour. He is judged to be better than Tuhao in terms of standards 
of field cultivation and crop responses. 
Discussion was mainly deduced from Barlow et al, 1978. 
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To illustrate the differing assessments of the two farmers, 
their estimated new technology vectors for rice crop IR36 in rainfed areas 
using different methods of establishment, transplanting (TPR), dry-
seeding (DSR), and wet-seeding (WSR) was made (Appendix Table VIII). 
In all cases, Tamon expected a much higher yield per hectare than Tuhao al-
though both gave the same estimates for material inputs and Tamon has lower 
inputs of both labour and animal time. Consequently, estimated net 
returns per hectare, returns to labour and to cash are generally higher 
for Tamon than Tuhao.^ 
The derivation of new technology vectors for a given farm situation 
is not an easy task and involves some problems especially in deducing 
the real expectations of the farmers concerned. As an example, the 
farmer's judgment on a level of input required by a given technology may 
differ from the recommendation of experimenters due to resource constraints 
and farm peculiarities as well as the personal preferences of the farmers. 
Estimated yield will differ accordingly. The farmer's own assessment of 
the technology will also change as he becomes more familiar with it. 
Details of crop production vectors included in the farm budgeting 
model for new technologies are enumerated in Appendix Tables VI and VII 
for Tuhao and Tamon respectively. 
2.6 The Case Study Approach 
The case study farmers used in this study represent 
the small farmers typical in the area who own farms ranging 
from 0.40 hectares to 5.0 hectares in size. These farmers were selected 
to represent either end of the range of resource endowments typical of 
Prices assumed for marketable outputs and purchased inputs are 
given in Appendix Table IX. 
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farmers in the Cordova Norte area. The poorer farmer was chosen to 
determine the factors impeding farm productivity and what is likely to 
be applied to other similar farmers to improve their situation. On the 
other hand, the richer farmer was chosen to determine what more is needed 
to improve further his situation. It was felt that these individual 
farm models incorporate many features unique to each such that in-depth 
studies could provide valuable insights of the economic behaviour of the 
farm-households concerned under a series of situations. These individual 
farm studies are first attempts to explore in detail the economic 
rationale in choosing particular historical and new technologies. The 
next phase of the IRRl's Cropping Systems Research will involve wider 
samples of farms in Iloilo and other outreach areas where comprehensive 
data are available. 
In the modelling procedure, the consideration of many factors 
relevant to farm level resource allocation brought to light many factors 
which affect the farmers' decision-making; it also made possible the 
consideration of differences in the general economic and physical micro-
environment that exists among farms. The target population of small 
farmers is a collection of such unique, individual farm households, and 
technology evaluation should not assume away their diversity and real 
world complexity. The inclusion of individual farm peculiarities into 
the models calls for considerable effort and care in interpreting LP 
solutions in order to draw conclusions of wider generality. In this case, 
the use of parametric programming procedures allows the researchers to 
overcome these limitations to an extent. 
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CHAPTER 3 
CROPPING SYSTEMS OF CASE STUDY FARMERS; 
HISTORICAL AND NEW TECHNOLOGIES 
3.1 Resource Use, Crop Choice and Income; The Historical 
Technology Case 
Through the whole farm budgeting models of Pascual Tuhao and 
Ernesto Tamon, some optimum solutions were reached when only historical 
technology vectors were considered in the modelling procedure. But 
before going to the details of these optimum solutions, it should be 
recalled that the resource endowments shown in the basic farm-household 
situations of the farms (Tables 1.6 and 1.7) represent the constraints in 
the farming activities. For example, the area indicated for each type 
of land is the limit of hectarage for planting crops and the area specified 
in the solution can never exceed this limit. It is also assumed in the 
model that family labour is generally used for the farming operations; 
labour is hired at early stages of planting and other operations such as 
weeding; and share labour is employed particularly during harvesting and 
paid in the form of a fixed share of the harvest crop. The maximiim 
amount of family labour that is available each week for each farmer is 
also shown in the basic farm-household situation. Animal labour as well 
is specified in the situation. Cash supply, limit on loans, household 
expenditure, other earnings and household consumption detailed in Chapter 1 
are assumed in the model when the HT vectors alone were considered. 
With these given side conditions, optimum solutions considering 
HTs alone are given in Table 3.1 for Tiahao and Tamon. 
TABLE 3 . 1 : Optimum Combination of H istor ical Technologies Alone from the Budgeting Model, 
Pascual Tuhao and Ernesto Tamon. 
HT vectors only 
TUHAO 
HT vectors only 
^ T A M O N 
Parcels 1 & 7 
Upland and 
partly owned 
( 1 . 0 2 6 h a . ) 
Singapore c o m , 1st crop with f e r t i l i z e r 
FL (16-3-2 to 19-35) : 1 . 0 2 6 ha . 
Com/Yambean , 2nd crop, without f e r t i l i z e r 
FL (41-07 to 43-09 ) : 0 . 5 5 3 ha . 
SL (41-07 to 43-09) : 0 . 4 7 3 ha . 
Parcel 1 
Up 1 an d an d 
fully owned 
( 1 . 8 4 7 h a . ) . 
C o m , 1st crop 
FL (16-31 to 19-35 ) : 1 . 2 4 1 ha . 
SL (16-31 to 18-32) : 0 . 6 0 6 ha . 
C o m / Y a m b e a n , 2nd crop 
FL (31-3 to 44-9) : 01235 ha . 
SL (39-7 to 44-9) : 1 . 6 1 2 ha . 
Parcel 3 
Rainfed and 
share-tenanted 
( 0 . 2 2 5 h a . ) 
TPR Kapopoy, 1st crop, with f e r t i l i z e r 
FL (21-36 to 22-37) : 0 . 2 2 5 ha . 
TPR, BE3, 2nd crop, with f e r t i l i z e r 
FL (37-01 to 38-02) : 0 . 2 2 5 ha . 
Parcel 2 
I rr igated and 
share-tenanted 
( 0 . 5 2 0 h a . ) 
Parcels 3 & 4 
I rr igated and 
fully owned 
( 0 . 2 7 5 ha . ) 
IR28 WSR, 1st crop 
FL (28-38 to 27-42) : 0 . 5 2 0 ha . 
IR20 TPR, 2nd crop 
FL (39-4 to 39-6) : 0 . 5 2 0 ha . 
IR28 WSR, 1st crop 
FL (23-38) : 0 . 1 1 4 ha . 
SL (24-39) : 0 . 0 8 8 ha . 
IR28 TPR, 1st crop 
FL (26-43) : 0 . 0 7 3 ha . 
IR20 TPR, 2nd crop 
FL (43-6) : 0 . 0 7 3 ha . 
SL (40-5) : 0 . 2 0 2 ha . 
Parcel 5 
Rainfed and 
fully owned 
( 0 . 2 2 5 h a . ) 
TPR Kapopoy 1st crop with f e r t i l i z e r 
FL (22-34) : 0 . 2 2 5 ha . 
TPR, BE3, 2nd crop, with f e r t i l i z e r 
FL (38-02 to 40-03) ; 0 . 2 2 5 ha . 
Parcels 5 & 6 
Rainfed and 
fully owned 
( 1 . 0 1 9 ha . ) 
IR28 WSR, 1st crop 
FL (21-36 to 23-38 ) : 0 . 3 2 5 ha . 
S L ' ( 2 0 - 3 5 to 21-36 ) : 0 . 5 5 2 ha . 
IR28 TPR, 1st crop • 
FL (25-41) : 0 . 1 3 7 ha . 
SL (24-39) : 0 . 0 0 5 h a . 
IR 20 TPR, 2nd crop 
FL (38-4) : 1 . 0 1 7 ha . 
SL (39-6) : 0 . 0 0 2 ha . 
Total surplus : P i , 5 8 2 Total surplus : P 8 , 4 3 3 
Notes : FL = family labour for harvesting 
SL = share labour for harvesting 
Figures in parentheses are ranges of weeks over which crop uses the ground. The f i r s t weel< given is the weelc of f i r s t 
ploughing and the last week is the week directly a f ter the week of harvesting . 
The hectarage spec i f i ed for each crop is the optimal area planted to the crop, spec i f i ed by the solut ion . 
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3.1.1 Pascual Tuhao 
Looking at Tuhao's case first, the optimum solution specifies the 
cropping systems for different parcels of the farm. In upland areas, 
the first crop suggested is Singapore corn, a traditional variety, which 
is raised with fertilizer within the period ranging from week 16 to 32 
to v/eek 19-35. This means that planting the crop within this range is 
optimal and will not be detrimental to the objective surplus. The second 
crop specified for upland is an intercrop of corn and yambean without any 
application of fertilizer. In rainfed areas, a rice-rice pattern is 
suggested by the solution with TPR Kapopoy as first crop and TPR BE3 as 
second crop, both traditional varieties. The adoption of a transplanting 
method of establishment implies that Tuhao is not faced with a labour 
shortage at the transplanting time because TPR requires more labour for 
seedbed preparation than DSR or VJSR. The LP results show that labour 
has no opportunity cost in periods of transplanting like week 21 or later 
for the first crop. For the second rice crop, family labour has a 
relatively much lower cost than hired labour at the start of the trans-
planting season, hence family labour is used (Figure 3.1). 
It can also be noted that a combination of family labour and share 
labour for harvesting corn/yambean as a second crop exists in the 
solution. This combination depends on the relative shadow prices of the 
two sources of labour, that is, family or share, at the particular times 
labour is required. Generally, family labour is used up first and when 
a shortage exists, then hired or shared labour is employed. In some 
periods where the MVP of labour appears very high, the model will try to 
select vectors using labour outside this period. For example, in 
week 6, LP results indicated that family labour is fully used. By not 
hiring labour in this week, Tuhao reduces his cost by PI.05 since family 
FIGURE 3.1: Shadow Prices of Family Labour and Cash, Pascual Tiihao 
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labour has no opportunity cost. Share labour is used in harvesting since 
the family can not provide enough labour to do the harvesting. Almost 
throughout the year, family labour has no opportunity cost except during 
weeks 44-46 and 6-8 when planting and harvesting of second crop of corn 
takes place (Figure 3.1). In the rest of the year, family labour has no 
other opportunities to forego. Labour is generally not hired because of 
its somewhat higher price of around P0.60 per hour than family labour. 
Labour is only hired in weeks 45-45 for other crop management operations 
such as weeding and fertilizing because family labour is also occupied 
in other farm activities. 
LP also generates the level of resource use, maximum surplus and 
MVPs of the resources. Table 3.2 gives details on these for Tuhao when 
HT vectors alone are treated. Tuhao has a total annual surplus of 
around PI,600 or a rate of net return of P996 per hectare. The area 
under share harvest consists of around 16 percent of the farm. Credit 
is used at a level of P225 for the whole farm which is even less than 
the maximum limit of loan of P600 he can acquire. This implies that 
Tuhao does not need so much cash for the historical crops as shown by 
the consistently low MVP of cash of more or less Pl.G per peso. Not so 
much of the material inputs like fertilizer and pesticides are purchased 
for the cultivation of crops under HT. 
The staggered planting of most specified crops in the solution 
is also brought about by relative prices and availabilities of the basic 
resources needed. For example, Tuhao's upland has its highest shadow 
price of P938 in week 25 for first crop and moving the planting date 
earlier or later than this would not make any difference in the objective 
function because land will have no opportunity cost. For the second 
T7\BLE 3.2: Further Effects of Historical Technologies and Historical and New 
Technologies on Surplus and Resource Use from Pascual Tuhao's and 
Ernesto Tamon's Budgeting Models. 
TUHAO 
HT 
vectors 
HT + NT 
vectors 
TAMON 
HT 
vectors 
HT + NT 
vectors 
Total surplus 
Surplus per hectare 
% area share harvest 
% area under NT 
Multiple cropping index 
Credit usage (g) 
Total labour usage (m/hrs) 
Maximum MVP of land (F/ha.) 
Upland 
1st crop 
2nd crop 
Rainfed land 
1st crop 
2nd crop 
Irrigated land (ST) 
1st crop 
2nd crop 
Irrigated land (FO) 
1st crop 
2nd crop 
b 
PI,582 
996 
16 
0 
1.86 
225 
2,759 
938(25) 
1, 387(51) 
520(27) 
371(48) 
P3,430 
2,159 
9 
43 
1.88 
460 
2,832 
373(21) 
1,723(44) 
303(37) 
1,036(40) 
P8,433 
2 , 30 3 
42 
0 
2.0 
0 
3,266 
1,034(25) 
1,551(47) 
820(33) 
509(44) 
865(35) 
292 (47) 
1,066(35) 
780(44) 
P15,327 
4 ,187 
48 
75 
2.0 
738 
4 ,179 
2,338(28) 
1,538 (1) 
1,122(35) 
1,700(49) 
477(26) 
722 (6) 
960(26) 
1,296(46) 
NJ 
Figure in parenthesis denotes week ST = share-tenanted FO = fully owned 
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crop, land has its highest shadow price of P1387 in week 51 but changing the 
planting date earlier or later will neither affect the total surplus 
expected. A multiple cropping index of 1.86 is calculated which implies 
that the land has almost two crops on average. This index is calculated 
by dividing the total area actually planted to first and second crops 
and third, if any, by the total farm area available. It is not a good 
measure of cropping intensity since it gives the same weight for both 
intensive and extensive crops. Nevertheless, it indicates if land is 
single-cropped, double-cropped or multiple-cropped. 
3.1.2 Ernesto Tamon 
The results of the budgeting model of Tamon are also shown in 
Table 3.1. Like Tuhao, an upland parcel is specified for corn-corn/ 
yambean cropping pattern. In lowland areas, a rice-rice pattern is also 
followed. These patterns are very similar to the actual patterns 
followed by the farmers in practice indicating that the decision-making 
process simulated in the budgeting model conforms to that of the farmers 
quite closely. Thus, confidence can be put in the results of the farm 
budgeting model when new technology vectors are incorporated into the 
model (Section 3.2). In the rice areas, however, Tamon uses different 
rice varieties from Tuhao such as IR28 WSR 1st crop and IR20 TPR 2nd crop 
in both irrigated and rainfed areas. IR28 TPR 1st crop is also specified 
in fully owned irrigated and rainfed parcels of land. Inclusion of 
other methods and varieties involves some extra costs as specified by the 
solution. Again, there exists a combination of family and share labour 
depending upon their relative shadow prices. In week 31 when first crop 
of corn is harvested, family labour available is not enough to undertake 
the harvesting, hence share labour is used. In this week, too, the 
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shadow price of labour is at its peak of 1.97 pesos per hour (Figure 
3.2). Furthermore, in harvesting of rice crops, there is a shortage of 
family labour in spite of its full use, hence share labour has again to 
be obtained. This indicates that Tamon does not have as much family-
labour as Tuhao since fewer family members of Tamon assist in the farm 
because they are employed in off-farm work. This scarcity of labour is 
shown by the higher MVP of labour for Tamon than Tuhao which is often 
zero or very low. 
Further results of Tamon' s optimum solution considering the HT vectors 
only are also shown in Table 3.2. From the surplus alone, it is obvious 
that Tamon is better off than Tuhao. Tamon has a total surplus of g8433 
or an average per hectare of F2303. But his shortage of family labour 
for harvesting is made obvious by the 42 percent area under share 
harvesting. His multiple cropping index of 2.0 is slightly higher than 
Tuhao's, that is 1.86. With respect to credit usage, he does not avail 
himself of any loan and that means he has no problem of cash shortage. 
LP generates a quite low MVP of cash of Pl.O the whole year round. Like 
Tuhao, Tamon has a staggered planting of most specified crops in the 
solution due to the relative prices and availabilities of the basic 
resources needed. The MVP of upland, for example, is highest in week 
25 for the first crop and week 47 for the second crop. Moving the 
ploughing earlier or later th£m these dates will not affect the surplus 
expected because land has no opportunity cost at these other dates. 
3.2 Impact of the Introduction of New Technologies 
As previously mentioned, inclusion of historical technologies 
to the treatment of new technologies is important because it is quite 
FIGURE 3.2: Labour Use and Shadow Prices of Family Labour, Tamon. 
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unlikely that farmers will replace well-tried historical technologies 
with new ones which are not familiar to them. In view of this, optimum 
solutions were sought considering both these types of technologies. 
These NTs which include methods of crop establishment and new varieties 
are incorporated in the farmer's options (Appendix Table VI and VII). 
The two situations are then compared, the historical situation where 
only HT vectors are considered and the new situation where both HT and 
NT vectors are treated together in the model. 
Table 3.3 summarises the optimum solutions which indicate the 
choice between the two technologies of the two farmers. Here, the 
farmers' basic farm-household situations discussed in the first chapter 
are still assumed. • 
3.2.1 Selection of Technologies 
In Tuhao's solution, the objective surplus is g3430 which is 
higher than that when HT vectors alone are treated. It can be noted 
that NTs are incorporated to some parts of the different parcels and HTs 
are specified as well. Like in upland areas, Tuhao splits his com as 
first crop into areas grown with fertilizer under NT and without 
fertilizer for historical technology. This is also true for his second 
crop of corn and yambean intercrop. One reason for such splitting is 
the limited cash situation of Tuhao that he could not afford to get 
fertilizer for the entire area cropped especially in the early part of 
the year when the MVP of cash is very high, approximately P6.0 per peso. 
This denotes that HTs may still be preferred due to the farmer's feeling 
that new varieties like IR36 need more fertilizer and hence cash which 
leads to its poor adoption in low cash situations. In most areas, however, 
IR36 is specified since this variety is expected to give higher yields 
TABLE 3 .3 : Optimum Combination o f T echno l og i e s from the Budget ing Models 
o f Pascual Tuhao and Ernes to Tamon t r e a t i n g both H i s t o r i c a l 
and New Technology V e c t o r s . 
HT 
TUHAO 
+ NT VECTORS HT 
TAMON 
+ NT VECTORS 
P a r c e l s 1 & 7 
Upland and 
p a r t l y owned 
(1.026 ha . ) 
P a r c e l 3 
Ra in f ed and 
share t enanted 
CO.225 ha . ) 
P a r c e l 5 
Ra in f ed and 
f u l l y owned 
(0 .225 h a . ) 
P a r c e l 6 
Ra in f ed and 
share t enanted 
(0 .113 h a . ) 
C o m , DMR2, 1s t crop (NT) 
PL (16-32 t o 26 -42 ) : 1.023 ha. 
S ingapore c o m , 1s t c rop , w/o f e r t i l i z e r (HT) 
FL (19-35) : 0.003 ha. 
Com/Yainbean, 2nd crop (NT) 
FL (41-8 t o 44-11) : 0.589 ha. 
Com/Yambean, 2nd c rop , w/o f e r t i l i z e r (HT) 
FL (42-07) : 0.159 ha. 
IR36 TPR, 1st crop, ratoon (NT) 
FL (30-4 t o 31-5) 
Mung, 2nd crop (HT) 
FL (4-13 t o 6 -14 ) ' 
0.225 ha. 
0.225 ha. 
WSR Kapopoy, 1s t crop wi th f e r t i l i z e r ^ i X ) 
FL (17-34) : 0. 148 ha. ' 
IR36 TPR, 1st crop/ratoon (NT) 
•T. 
v> 
FL (31-5) 
IR36 TPR, 2nd crop 
FL (35-50) 
(NT) 
IR36 TPR, 1st crop (NT) 
FL (35-50) : 
0.077 ha. 
0.148 ha. 
0.113 ha. 
Wr 
t> ja 
H cr. 
. , O' c 
» J ^ CJ--
a 
S- CO; 
S e 
7-
o r 
P a r c e l 1 
Upland and 
f u l l y owned 
(1.847 ha . ) 
P a r c e l 2 
I r r i g a t e d and 
share t enanted 
(0.520 ha . ) 
P a r c e l s 3 & 4 
I r r i g a t e d and 
f u l l y owned 
(0.275 ha . ) 
P a r c e l s 5 S 6 
Ra in f ed and 
f u l l y owned 
(1.019 ha . ) 
Com DMR2, 1s t crop (NT) 
FL (16-32 t o 26-49^ : 1.012 ha. 
SL (17-38 t o 2 6 - 4 2 ) : 0.835 ha. 
Com/Yambean, 2nd. crop (HT) 
FL (31-3 t o 44-9) : .0.355 ha. 
SL (38-8 t o 44-9) : 1.492 ha. 
IR36 WSR, 1st crop (NT) 
FL (19-38 t o 2 0 - 3 9 ) : 0.384 ha. 
SL (20-39) : 0.083 ha. 
IR36 TPR, 2nd crop/cowpea (NT) 
FL ( 3 9 - 1 5 ' t o 4 1 - 1 7 ) : 0.289 ha. 
IR36 WSR, 2nd crop/cowpea (NT) 
FL (37-14 t o 4 0 - 1 7 ) : 0 .231 ha. 
IR36 WSR, 1st crop (NT) 
SL (19-38 t o 2 0 - 3 9 ) : 0.275 ha. 
IR36 WSR, 2nd crop/cowpea (NT) 
SL (39-16 t o 40 -17 ) : 0.216 ha. 
IR36 TPR, 2nd crop/cowpea (NT) 
FL (39-16) : 0.059 ha. 
IR36 TPR, 1s t c r o p . r a t o o n 
FL (22-47) 
SL (22-47 t o 23 -48 ) : 
IR36 TPR, 1s t crop (NT) 
FL (28-43 t o 29 -44 ) : 
IR36 WSR, 1s t crop (NT) 
FL (29-46) : 
Mung (MT) 2nd crop (NT) 
FL (46-8 t o 49-11) : 
SL (49-11) : 
(NT) 
058 ha. 
494 ha. 
338 ha. 
.129 ha. 
.920 ha. 
.099 ha. 
T o t a l su rp lus : e3,430 T o t a l surp lus : #15,327 
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than the traditional ones and it has other good features such as good 
drought stress, excellent pest and disease resistance, and high eating 
quality. A certain area of fully owned rainfed parcel is planted to a 
traditional variety. Kapopoy which is wet-seeded as first crop. This 
partial adoption of NTs again indicates insufficiency of cash to take up 
NT which requires a relatively greater use of material inputs. 
The model also shows that after the introduction of NTs a mix 
of rice crop establishment methods appeared in the optimum solution. 
But generally, Tuhao is applying the transplanting (TPR) method 
indicating again the absence of a labour shortage. Furthermore, an important 
advantage of TPR is the avoidance of late season drought considering the 
Tuhaos' rice areas are all rainfed. The model's selection process of 
technologies is influenced by the marginal opportunity cost. For example, 
in Table 3.4, TPR IR36 1st crop/ratoon in rainfed land has a zero MOC in 
weeks 30-4 and 31-5 since they are already specified in the solution. 
Therefore, there is no extra cost of including them in these certain 
periods. But later than this, such as weeks 32-6, the introduction of 
the technique will cost el per hectare and worse than this in weeks 33-7, 
when the cost involved mounts to P493 per hectare. Furthermore the 
introduction of NT DSR IR36 as first crop in rainfed land, weeks 17-35 
will involve e908 extra cost and this becomes greater as planting is 
moved ;to weeks 18-37. Likewise WSR IR36, 1st crop will call for a cost 
of e889 to be introduced in weeks 19-37, however in weeks 33-51 and 34-2, 
the inclusion of this technology is insignificant since MOC is zero. That 
means it can replace other methods in the optimum solution without affecting 
the total surplus generated. The mix of rice crop establishments expresses 
complementarities that exist among different technologies. While TPR is 
quite dominating in the solution, other methods also enter or are close 
TABLE 3.4: Marginal Opportunity Costs of Various New Technologies 
on Rainfed Land, Tuhao (peso ner ha.). 
Technology Range of weeks crop occupies the ground 
DSR, First crop 17-35 18-36 19-37 20-38 21-39 908 1056 1121 455 726 
WSR, First crop 19-37 20-38 21-39 22-40 23-41 24-42 25-43 26-44 27-45 28-46 29-47 30-48 31-49 32-50 33-51 34-52 35-1 36-2 889 134 408 2120 2204 907 792 910 1679 1668 1669 564 482 351 0 0 54 69 
TPR, First crop 21-37 22-38 23-39 24-40 25-41 26-42 27-43 28-44 29-45 30-46 31-47 32-48 33-49 34-50 793 0 274 2019 2108 779 659 777 475 463. 465 195 108 0 
TPR, First crop/ratoon 21-47 22-48 23-49 24-50 25-51 26-52 27-01 28-02 29-03 30-04 31-05 32-06 33-07 34-08 1692 874 874 1669 1738 40 3 297 299 0 0 493 406 243 
Mung (MT) Second crop 41-03 42-04 43-05 798 721 414 
All rice is IR36. 
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to entering it by virtue of their low MOCs. This is largely because 
they use labour at different times, thus reducing its total opportunity 
cost to the farmer (Barlow et al, 1978, p . 3). Those crops with an MOC 
of zero in Table 3.4 indicate that the solution provides a staggering 
of crops such that their labour resource requirements complement one 
another. For example, the periods of harvesting are dovetailed so there 
is no large excess labour requirement for any one week. The time of 
requiring labour for transplanting is different from the time of weeding 
W S R . DSR is not included in the solution because it conflicts with the 
land preparation for the corn crop. This indicates how the relative 
areas and the crop performances in upland and lowland areas within a 
farm can crucially affect the choice of technology in a part of the farm. 
In Tamon's case, the total surplus generated upon the introduction 
of NTs is P15327. Most of the areas are specified under NTs, implying 
that he can meet the cash requirements needed for such technology. Rice 
crop establishment involves either TPR or WSR (Table 3.3). Similarly, 
the model's selection of technologies depend on their MOCs. In Table 3.5, 
it is shown that moving the planting of TPR IR36 1st crop in rainfed area 
from weeks 29-44 to weeks 31-46 would not make any difference in the 
objective function but doing it later than this will involve an extra 
cash of P316. Moreover, inclusion of NT DSR IR36 in weeks 20-36 
represents an alternative solution to replace other technologies 
specified. In other periods, however, DSR can not be forced into the 
solution because it conflicts with the cultivation of corn crops. The 
principle of complementarities among technologies also works in the 
selection of technologies of Tamon's model. 
TABLE 3.5: Marginal Opportunity Costs of Various New Technologies 
on rainfed land, Tamon, Iloilo (pesos per ha.) . 
Technology Ranges of weeks crop occupies the ground 
DSR, First crop 19-35 20-36 21-37 22-38 23-39 100 0 442 758 711 
WSR, First crop 20-37 21-38 22-39 23-40 24-41 25-47 26-43 27-44 28-45 29-46 30-47 31-48 32-49 33-50 59 4 79 425 278 • 222 201 179 77 58 0 337 210 1910 1920 
TPR, First crop 22-37 23-38 28-39 25-40 26-41 27-42 28-43 29-44 30-45 31-46 32-47 33-48 34-49 35-50 131 402 204 43 0 0 0 • 0 8 0 316 126 1341 1351 
WSR, First crop/cowpea 20-48 21-49 22-50 23-51 24-52 25-01 26-02 27-03 28-04 29-05 30-06 31-07 32-08 33-09 128 549 166 134 0 0 615 91 1151 439 0 261 243 506 
TPR, First crop/cowpea 22-46 23-47 24-48 25-49 26-50 27-51 28-52 29-01 30-02 31-03 32-04 33-05 625 861 389 315 195 237 767 415 132 2 817 441 566 
TPR, First crop/ratoon 22-47 23-48 24-49 25-50 26-51 27-52 28-01 29-02 30-03 31-04 32-05 33-06 0 68 1571 1357 1201 1267 1237 1524 1580 1669 1687 1382 
Mung (MT) 2nd crop 44-06 45-0 7 46-08 47-09 48-10 49-11 0 0 0 0 0 0 
All rice varieties are IR36. 
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3.2.2 Labour Resource Use and MVPs 
The introduction of NTs tends to raise the MVP of labour in 
certain periods. This is brought about primarily by the importance of 
early crop establishment and a quicker turnaround time^ to facilitate 
multiple cropping. 
The impact of NTs on labour use and the MVPs of labour depends 
not only on the farmer's own endowment of labour but also on the labour 
market conditions prevailing in his own community. Both supply conditions 
and market imperfections have influence on how NTs affect labour use and 
resource allocation in the farm. As was mentioned earlier, tradition 
and custom have established the types of labour used in certain operations 
in the historical situation. Harvesting and threshing were done by share 
labour paid in the form of a fixed share of harvest; hired labour for 
cash payment is not used in such operations but other operations may be 
done with a combination of different types of labour. 
For Tuliao's model, Figure 3.1 shows the MVPs of labour upon the 
introduction of NTs plotted against the MVPs of labour in the historical 
situation. There is not so much difference between the two situations 
and family labour still has zero MOC for most of the year. In the 
harvesting weeks, around 44 and 7, shared labour is used in about 9% of 
the farm (Table 3.2) . 
Figure 3.2 shows how the MVPs of labour have been raised by the 
introduction of NTs in Tamon's farm. In this case the MVPs are substantially 
Turnaround time is defined in this study as the period between 
the harvesting of one crop and the planting of next crop in a 
cropping sequence. 
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higher than the wage rates of Pi.55 per hour observed in the area, 
implying that cash surplus can be increased if labour can be freely 
hired at a wage rate below these MVPs. In other words, the institutional 
restrictions on labour use force th6 solution out of the profit 
maximising solution. Such a situation is essentially a disequilibrium and 
market forces to exert pressure on these customs, restrictions and 
arrangements are needed (Barlow et al, 1978, pp. 4-5). 
If a substantial supply of lemdless workers were present in the site 
area of Iloilo, a reduction in the sharing arrangement would have been 
likely. But the supply of labour in the area is quite limited and lander 
such circumstances, labour-saving technologies would be attractive to the 
farmers as they could release family labour for profit-improving activities, 
The use of wet-seeding techniques is to be expected but the degree to 
which this would be profitable depends on the farmer's endowment of family 
labour. This situation has been explored by parametrically varying areas 
of land and other resources in the next chapter. 
3.2.3 MVP of Cash 
The value of cash varies with the supply and demand for it at 
particular time periods and is affected by the productive opportunities 
for the use of cash at each period. Generally for most farmers, cash 
tends to be scarce in the early part of the crop year until the first 
crops are harvested and sold. Substantial cash expenditure may be 
incurred for land preparation and other crop establishment and cultivation 
activities. For the individual case study farmer, the situations differ 
due to differences in the general resource endowment as well as the nature 
of cash flows, the level of credit availability, interest rates, condition 
of repayments, etc. 
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In Tiohao's solution under the historical situation, the low MVP 
of cash of PI.00 throughout the year reflects a small effect on the 
improvement of productive capacity of the farm when there is no change in 
technology in spite of additional cash. With the introduction of NTs the 
MVP of cash rises to around P6.00 per peso particularly in the early part 
of the year, that is weeks 14-31, when most inputs are purchased for the 
crops. Afterwards, the sale of first crop and subsequent crops very much 
enhance the consequent cash flow, thus lowering the MVP of cash down to 
Fl.OO per peso (Figure 3.1). With respect to credit usage, g460 is used 
for the whole farm. Partial adoption of NT is implied by the percentage 
area under NT which is only 43% in this new situation. The multiple 
cropping index is 1.88 which implies land is almost double cropped. 
In Tamon's situation, the MVP of cash remains at Pi.00 throughout 
the year upon the introduction of NTs. This shows that NTs did not bring 
about any effect on the MVP of cash. Multiple cropping (MC) index 
remains at 2.0 and the credit level of P738 is now used for the material 
inputs required by NT crops. In general, with the introduction of new 
technologies into the activity set open to the farms, the MVP of cash 
rises particularly in farms with low cash. It is to be expected in such 
a situation that highly cash intensive activities are less likely to be 
attractive to the farmers in the early part of the year when most inputs 
are purchased. The possible effects of changes in cash supply and 
credit availability is examined in the next chapter through a parametric 
programming procedure. 
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CHAPTER 4 
PARAMETISATION OF MAJOR RESOURCES AND YIELD 
Having arrived at the rnaximuin possible surplus under both the 
historical technology situation as well as the new technology situation, 
it is feasible to improve these plans further by parametising major 
resources and yield so as to maintain rationality of the solutions. It 
is felt useful to extend the use of the models beyond actual resource 
levels in the case study situations. The parametric programming carried 
out in this chapter aims to explore the effects of changing resource and 
yield levels on choice of technologies. 
In the following sections, the effects of parametisation on choice 
of technology and resource supply are taken into consideration. ^^ the 
marginal value product (MVP) shows the relative scarcity of a resource, 
it is also worth looking at the effects of parametric programming on the 
MVPs of the resources under consideration. Comparison is held between 
the situations dealt with in Chapter 3 where both HT and NT vectors 
are treated and the parametised situations where levels of certain 
resources are altered. 
4.1 Parametisation of Land 
The farmers' reactions to change in land areas were first tested. 
In parametising land resource, doubling of the total operational land 
holding of both farmers was made to investigate the impact of additional 
land on the farming activities. In Tuhao's situation, the new total 
area of all the existing types of land is 3.178 hectares. It should be 
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recalled that Tuhao is the farmer with smaller land area and this 
addition of land could be meaningful to him. Furthermore, the limit on 
loan is set at PlOOO with an interest rate of 1% per month since he is 
the farmer in a poorer financial situation and the bigger area of land 
cultivated might require more capital for material inputs. The optimum 
solution in Table 4.1 shows that the total surplus has more than doubled 
from g3857 to P8887. The rate of surplus per hectare increased by more 
than P300. Due to a much bigger area of land in this situation, the 
proportion of area share harvested went up from 12 to 26 percent 
because family labour is not sufficient to handle the harvesting operation, 
It can be noticed that percentage area under new technology declined from 
93 to 90%. This is because some historical technologies are specified in 
the new solution such as WSR Kapopoy, 1st crop and mung, 2nd crop in 
rainfed land. These crops must have been chosen because the time when 
they use labour does not conflict with that of other crops. The doubling 
of land made family labour scarce such that its MVPs were raised compared 
to the original situation. In fact Tuliao is now hiring labour in weeks 
34-37 and 41-43 when land is prepared for the second crops. Credit is 
used at a higher level of P898 and the multiple cropping index increased 
from 1.96 to 2.04. With regard to shadow prices, the MVPs of upland and 
rainfed land are plotted aginst the MVPs from the original situation 
(Figure 4.1). It can be noticed that when land was doubled, the maximum 
MVP of upland for first and second cropping seasons (14-39 and 40-13 
respectively) went up from the original situation. For rainfed land, 
the maximum MVP for first crop is a little higher (week 34) while for 
second crop, the maximum MVP is lower than when land is at the original 
level. The general rise in MVPs shows that land is still quite scarce 
for Tuhao in spite of the increase made. 
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In the case of Tamon, the farmer with a bigger area of land, 
the nev; total farm area is 7.322 ha. The total surplus almost doubled 
upon the doubling of total land area (Table 4,2). However, the rate of 
surplus per hectare declined by P50 due perhaps to lower yield brought 
about by HT crops specified in the solution. The percentage area 
under share harvest was raised to 71% but the area under NT declined 
from 75 to 69% because of the inclusion of some HT crops in the optimal 
solution. Credit is used to its fullest level of P1500 because the 
bigger area requires more inputs. The cropping pattern in upland crops 
did not change but for some parts of irrigated land, WSR Kapopoy and IR28 
are specified as first crops. The inclusion of these HTs might be due 
to the insufficiency of cash when land was doubled. In fact, the r4VP of 
cash of around ¥2 per peso is higher in this increased area situation than 
that in the original situation of about Pi per peso. Therefore with this 
doubling of land, cash becomes quite scarce for Tamon at the start of the 
cropping year. 
The maximum MVPs of upland for first and second crops were lower 
when land was doubled (Figure 4.2). This shows that upland area is not 
so much a scarce resource as before. For rainfed land, the maximum MVP 
for first crop was made higher in spite of the doubling of area but for 
the second crop, MVP is slightly lower from the original situation. 
4.2 Parametisation of Labour 
To test the effect of increase in labour to the farming decisions 
of the two farmers in view of this resource base, family labour was 
parametised by doubling its available amount. Specifically for Tuhao, 
who is endowed with more family labour, the credit limit is still retained 
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at PIOOO, family labour is doubled and carabao is added by another one 
unit, thus making two available carabaos in the farm. In the optimum 
solut ion obtained, the total surplus is P4057 which is higher by P200 
than that in the original situation. No area is under share harvest 
and the percentage area under NT remains at 93%. The use of credit was 
raised to a higher level of P834. With respect to the cropping pattern, 
it is specified in the solution that only TPR IR36 is adopted as a first 
crop in all rainfed rice farms and as a second crop in fully owned rainfed 
parcels (Table 4.1). This method of establishment gives a higher yield 
than other methods but requires more labour. But since available family 
labour is doubled, adoption of the technology is made more possible. 
Family labour is fully used in harvesting such that share labour as well 
as hired were not acquired. The MVP of labour is nil almost throughout 
the year implying that slack in labour has no opportunity cost and no 
chance of other earnings is foregone. Because of the abundance of family 
labour, its MVPs even in peak periods are very low. The results 
suggest that doubling of family labour influences the cropping patterns 
more in favour of labour extensive crops, raises the cash surplus and 
lowers the MVP of labour. 
For Tamon who is faced with a labour constraint because of less 
availability of family labour, only family labour was doubled and this also 
raised the surplus from P15327 to P16844 (Table 4.2). The surplus per 
hectare is P4601 which is higher by P500 than the original situation. 
The doubling of family labour brought about a decrease in the usage of 
hired labour and in areas under share harvest which is now only 20%. 
Being the farmer with less family labour, the effect of increasing family 
labour is quite significant. Figure 4.4 illustrates how this change lowered 
the MVPs of family labour generally because of the relaxation of the labour 
TABLE 4 . 1 : Total Surplus, Resource Use and Mix of Technologies 
from Tuhao's Optimal Solution when Land was doubled 
and Family Labour and Carabao doubled. Loan < t^lOOO 
HT NT vectors 
Total surplus 
Surplus per hectare 
% area under share harvest 
% area under NT 
MC Index 
Credit usage 
with actual area of land 
and family labour 
^3857 
§<2427 
12 
93 
1 . 96 
P460 
HT + NT vectors 
with doubled land area 
P8887 
P2796 
26 
90 
2 .04 
P898 
HT + NT vectors 
with doubled family labour and carabao at 
original area of land 
e4057 
P2553 
0 
93 
1 . 93 
P834 
Cropping pattern 
Upland (Parcels 1 & 7) 
Rainfed and share-
tenanted (Parcel 3) 
Rainfed and fully 
owned (Parcel 5) 
Rainfed and share 
tenanted (Parcel 6) 
C o m 1st crop DMR2 (NT) ; 
1 . 026 ha. 
Com/Yambean 2nd crop (NT) ; 
0 . 9 6 5 ha. 
Com/Yambean 2nd crop (HT) ; 
0 . 1 6 0 ha. 
IR36 DSR 1st crop (NT) ; 
0 . 0 4 3 ha . 
IR36 TPR 1st crop/ratoon (NT): 
0 . 1 8 2 ha . 
Mung (MT) 2nd crop (NT) ; 
0 . 1 8 2 ha. 
IR36 WSR 2nd crop (NT) ; 
0 . 0 4 3 ha. 
Mung 3rd crop (HT) ; 
0 . 0 4 3 ha . 
IR36 TPR Ist crop/ratoon (NT) 
0 . 2 2 5 ha. 
Mung (MT) 2nd crop (NT) ; 
0 . 2 2 5 ha . 
IR36 TPR 1st crop (NT) ; 
0 . 1 1 3 ha. 
Corn, 1st crop DMR2 (NT) ; 
2 . 052 ha . 
Com/Yambean 2nd crop (NT) 
2 . 052 ha. 
IR36 DSR 1st crop (NT) ; 
0 . 2 4 7 ha. 
IR36 TPR 1st crop/ratoon (NT) 
0 . 0 9 9 ha . 
WSR Kapopoy 1st crop (HT) ; 
0 . 1 04 ha. 
IR36 WSR 2nd crop (NT) ; 
0 . 347 ha. 
IR36 TPR 2nd crop (NT) 
0 . 0 0 3 ha. 
Mung 3rd crop (HT) ; 
0 . 4 5 0 ha. 
IR36 TPR 1st crop/ratoon (NT) 
0 . 3 1 0 ha . 
IR36 DSR 1st crop (NT) ; 
0 . 1 4 0 ha . 
WSR Kapopoy 1st crop (HT) ; 
0 . 1 2 1 ha . 
Mung (MT) 2nd crop (NT) ; 
0 . 1 8 9 ha . 
IR36 WSR 2nd crop (NTO ; 
0 . 1 4 0 ha . 
IR36 TPR 1st crop (NT) ; 
0 . 1 9 5 ha . 
IR36 WSR 1st crop (NT) ; 
0 . 0 3 1 ha . 
C o m DMR2 1st crop (NT) ; 
1 . 0 26 ha. 
Com/Yambean 2nd crop (NT) ; 
1 . 026 ha. 
IR36 TPR 1st crop (NT) ; 
0 . 2 2 5 ha. 
Mung 2nd crop (HT) ; 
0 . 2 2 5 ha . 
IR36 TPR 1st crop (NT) , 
0 . 2 2 5 ha . 
IR36 TPR 2nd crop (NT) 
0 . 2 2 5 ha . 
IR36 TPR 1st crop (NT) 
0 . 1 1 3 ha . 
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TABLE 4 . 2 : Total Surplus , Resource Use and Mix of Technologies 
from Tamon's Optimal Solution when Land and Family 
Labour was Doubled, Loan J P1500 
HT + NT vectors 
with actual area of land 
and family labour 
HT + NT vectors 
with doubled area of land 
HT + NT vectors 
with doubled family labour and 
o r i g i n a l area o f land 
Total surplus 
Surplus /hectare 
% under share harvest 
% area under NT 
MC Index 
Credit usage 
Cropping pattern 
Parcel 1 - Upland 
and fully owned 
Parcel 2 - I r r i g a t e d 
and fully owned 
Parcels 3 S 4 -
I r r i g a t e d and share 
tenanted 
Parcels 5 & 6 -
Rainfed and fully 
owned 
P I S , 3 2 7 
P 4 , 1 8 7 
48 
75 
1 . 9 9 
P737 
C o m DMR2 1st crop (NT) ; 
1 . 8 4 7 ha . 
Com/Yambean 2nd crop (HT) ; 
1 . 8 4 7 ha . 
IR36 WSR 1st crop (NT) ; 
0 . 4 6 7 ha . 
IR36 TPR 2nd crop/cowpea (NT) 
0 . 2 8 9 ha . 
IR36 WSR 2nd crop/cowpea (NT) 
0 . 2 3 1 ha . 
IR36 WSR 1st crop (NT) ; 
0 . 2 7 5 ha . 
IR36 WSR 2nd crop/cowpea (NT) 
0 . 2 1 6 ha . 
IR36 TPR 2nd crop/cowpea (NT) 
0 . 0 5 9 ha . 
IR36 TPR 1st crop (NT) ; 
0 . 3 3 8 ha . 
IR36 TPR 1st crop/ratoon (NT) 
0 . 5 5 2 ha . 
IR36 WSR 1st crop (NT) ; 
0 . 1 2 9 ha . 
Wung (MT) 2nd crop (NT) ; 
1 . 0 1 9 ha . 
P 3 0 , 2 7 3 
P 4 , 1 3 5 
71 
69 
1 . 9 9 
P I , 5 0 0 
C o m DMR2 1st crop (NT) ; 
3 . 6 94 ha . 
Com/Yambean 2nd crop (HT) 
3 . 694 ha . 
IR28 WSR 1st crop (HT) ; 
0 . 6 9 4 ha. 
IR36 WSR 1st crop (NT) ; 
0 . 2 3 9 ha . 
Kapopby WSR 1st crop (HT ) ; 
0 . 107 ha . 
IR36 TPR 2nd crop/cowpea (NT) 
0 . 2 2 3 ha . 
IR36 WSR 2nd crop/cowpea (NT) 
0 . 8 1 7 ha . 
IR36 WSR 1st crop (NT) ; 
0 . 5 5 0 ha . 
IR36 WSR 2nd crop/cowpea (NT) 
0 . 5 5 0 ha . 
IR36 TPR 1st crop (NT) ; 
1 . 2 37 ha . 
IR36 WSR 1st crop (NT) ; 
• 0 . 1 2 6 ha . 
IR36 TPR 1st crop/ratoon (NT) 
0 . 5 7 2 ha . 
IR36 WSR 1st crop/cowpea (NT) 
0 . 1 0 2 ha . 
Mung (MT) 2nd crop (NT) ; 
1 . 9 3 5 ha . 
P 1 6 , 8 4 4 
P 4 , 6 0 1 • 
20 
75 . 
2 .00 
P674 
C o m OMRs 1st crop (NT) ; 
1 . 8 4 7 ha . 
Com/Yambean 2nd crop (HT) ; 
1 . 8 4 7 ha . 
IR36 WSR 1st crop (NT) ; 
0 . 5 2 0 h a . 
IR36 TPR 2nd crop/cowpea (NT) ; 
0 . 4 0 1 ha . 
IR36 WSR 2nd crop/cowpea (NT) 
0 . 1 1 9 ha . 
IR36 WSR 1st- crop (NT) ; 
0 . 2 7 5 ha . 
IR36 TPR 2nd crop/cowpea (NT) ; 
0 . 2 5 8 ha . 
IR36 WSR 2nd crop/cowpea (NT) ; 
0 . 0 1 7 ha . 
IR36 TPR 1st crop (NT) ; 
0 . 3 8 7 ha . 
IR36 TPR 1st crop/cowpea ; 
0 . 3 4 3 ha . 
IR36 TPR 1st crop .ratoon (NT) 
0 . 2 8 8 h a . 
Mung (MT) 2nd crop (NT) ; 
1 . 0 1 9 ha . O 
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FIGURE 4.3: MVPs of Rainfed Land at Actual and Doubled Levels, HT + NT Vectors, Ernesto Tamon 
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constraint. With respect to cropping patterns, the adoption of NTs was not 
affected such that the area under NTs remained at 75%. Neither did the MC index 
change, implying that land is used to the same extent as in the original 
situation. The cropping pattern did not change remarkably, 
4.3 Parametisation of Cash Supply 
From the optimum solutions with limited credit facilities, it 
appears that introduction of new technologies placed emphasis on working 
capital. Being at a subsistence level of production, small farmers do not 
possess enough funds to support adoption of improved technologies. 
Therefore, the restriction placed on credit availability is relaxed to 
investigate the effects on surplus and selection of technologies. 
In Tuhao's case, it should be recalled that the partial adoption of 
HT was due to his limited cash endowment. The MVP of cash is very high 
at the start of the cropping year because of the required material inputs 
(Figure 4.5). Hence, to improve his cash situation, the maximum amount 
of loan he can obtain was increased from P300 to PlOOO. From the optimum 
solution obtained with this improved situation, the increase in total 
surplus was from g3430 to P3857, that is an increment of g400 (Table 4.3). 
The new surplus rate per hectare is e2427. An interesting aspect to note 
in the solution is that the new limit on loan was not fully used such that 
only a total of F460 was obtained. With the increase in cash supply, the 
MVP of cash decreased to around PI.00 per peso throughout the year 
(Figure 4.5). This shows how increasing cash supply lowers the MVP of 
cash and increases the overall surplus. Looking at the MVP of cash under 
the original situation when the loan was g300, the sharp drop of MVP in 
week 32 is due to the proceeds of the palay sales from the first rice 
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TABLE 4 . 3 : Surplus , Resource Use and Selection of Technologies 
from Tuhao 's Optimum Solutions Parametising Credit . 
HT + NT vectors 
Loan = g300 
HT + NT vectors 
Loan = P I , 0 0 0 
Total surplus 
Surplus /hectare 
% area under share 
harvest 
% area under NT 
MC Index 
Credit usage 
P 3 , 4 30 
2 , 1 5 9 
9 
43 
1.88 
P300 
P 3 , 8 5 7 
2 ,427 
12 
93 
1 . 9 6 
P460 
Cropping pattern 
Parcel 1 - Upland 
and partly owned 
C o m 1st crop DMR2 (NT) ; 
1 . 0 2 3 ha . 
Singapore c o m , 1st crop (HT) ; 
0 . 0 0 3 ha . 
Com/Yambean 2nd crop (NT) ; 
0 . 5 8 9 ha . 
Corn/Yambean 2nd crop w/o 
f e r t i l i z e r (HT) ; 
0 . 1 5 9 ha . 
Corn 1st crop DMR2 (NT) ; 
1 . 0 2 6 ha . 
Com/Yambean 2nd crop (NT) ; 
0 . 9 6 5 ha . 
Com/Yambean 2nd crop (HT) ; 
0 . 1 6 0 ha . 
Parcel 3 - Rainfed 
and share tenanted 
Parcel 5 - Rainfed 
and ful ly owned 
Parcel 6 - Rainfed 
and share tenanted 
IR36 TPR 1st crop/ratoon (NT) ; 
0 . 2 2 5 ha . 
Mung 2nd crop (HT) ; 
0 . 2 2 5 ha . 
IR36 TPR 1st crop/ratoon (NT) ; 
0 . 0 7 7 ha . 
WSR Kapopoy 1st crop (HT) ; 
0 . 1 4 8 ha . 
IR36 TPR 2nd crop (NT) ; 
0 . 1 4 8 ha . 
IR36 TPR 1st crop (NT) ; 
0 . 1 1 3 ha . 
IR36 TPR 1st crop/ratoon (NT) 
0 . 1 8 2 ha . 
IR36 DSR 1st crop (NT) ; 
0 . 0 4 3 ha . 
Mung (MT) 2nd crop (NT) ; 
0 . 1 8 2 ha . 
IR36 WSR 2nd crop (NT) ; 
0 . 1 4 3 ha . 
Mung 3rd crop (HT) ; 
0 . 0 4 3 ha . 
IR36 TPR 1st crop/ratoon (NT) 
0 . 2 2 5 ha . 
Mung (MT) 2nd crop (NT) ; 
0 . 2 2 5 ha . 
IR36TPR 1st crop (NT) ; 
0 . 1 1 3 ha . 
FIGURE 4.5: MVPs of Cash at Two Credit Levels, Pascual Tuhao, HT + NT Vectors 
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harvest which takes place in this week. Hence, the cash available to the 
farm is enhanced and the MVP of cash drops, indicating that in the 
subsequent period cash is no longer an effective constraint holding down 
the utilisation of the farmer's productive capacity. With the improved 
cash situation, the probability of adoption of new technology becomes 
greater as shown by the 50% increase in area under NT, that is from 43 to 
93 percent. The cropping pattern is also affected such that the MC index 
went up to 1.96. This emphasises the need to consider,the resource base 
of the farmer in evaluating technologies; in this case, at low levels of 
cash, traditional varieties of rice were preferable to the modern 
varieties, even though they were lower yielding, owing to the lower cash 
requirements specified for them. 
In Table 4.4, both the effects of lowering and increasing the level 
of cash available for Tamon through the year were explored. With the 
original situation where the credit level is at P1500, a new situation 
arises where credit is put to zero. Since Tamon is the farmer in a better 
financial situation, omission of loan was undertaken to see if he needs 
extra cash through credit to supplement his farm expenditure or if he can 
do away with loan. From the optimum solution, one effect brought about 
by the omission of loan is the decrease in surplus from gl5327 to gl3398. 
The rate per hectare is P3660. More HTs were adopted as implied by a 
decline in area under NT from 75 to 54% of the total area cropped. WSR 
Kapapay and IR28 were planted as first crops in certain areas of irrigated 
land and corn in upland. This adoption of HTs was due perhaps to the shortage 
of cash now that he could not avail himself of credit. The lowering of cash 
supply increased the MVP of cash from PI.03 to e9.00 in the early part of the 
year (Fig. 4.5). As the cash position becomes stringent, the farmer shifts 
from the highly cash intensive modern varieties to lower cash intensive 
FIGURE 4.6: MVPs of Cash at Three Credit Levels, Ernesto Tamon, HT + VT Vectors 
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TABLE 4.4: Total Surplus, Resource Use and Cropping Patterns from Tamon's Optimum Solutions Parametising Credit. 
HT + NT vectors 
Credit = 0 
HT + NT vectors 
Credit = PISOO 
Total surplus 
Surplus per hectare 
% area under share harvest 
% area under NT 
MC Index 
Credit usage 
gl3398 
P 3660 
45 
54 
1.98 
0 
gl5327 
P 4187 
48 
75 
1.99 
g737 
HT + NT vectors 
Credit = g3000 
P15327 
g 4187 
48 
75 
2 .00 
¥121 
Cropping pattern 
Parcel 1 - Upland 
and fully owned 
Parcel 2 - Irrigated 
and share-tenanted 
Parcels 3 & 4 -
Irrigated and 
fully owned 
Parcels 5 & 6 -
Rainfed and fully 
owned 
Corn DMR2 1st crop (NT); 1.166 ha. 
Corn 1st crop (HT); 0.681 ha. 
Corn/Yambean 2nd crop (HT); 1.847 ha. 
Kapopoy WSR 1st crop (HT); 0.323 ha. 
IR28 WSR 1st crop (HT); 0.197 ha. 
IR36 WSR 2nd crop/cowpea (NT); 0.323 ha. 
IR36 TPR 2nd crop/cowpea (NT); 0.197 ha. 
IR28 WSR 1st crop (HT); 0.275 ha. 
IR36 TPR 2nd crop/cowpea"(NT); 0.275 ha. 
IR36 TPR 1st crop (NT); 0.948 ha. 
IR36 WSR 1st crop/cowpea (NTP; 0.070 ha. 
Mung (MT) 2nd crop (NT); 0.949 ha. 
Corn DMR2 1st crop (NT); 1.847 ha. 
Corn/Yarrijean 2nd crop (HT) ; 1.847 ha. 
IR36 WSR 1st crop (NT); 0.467 ha. 
IR36 TPR 2nd crop/cowpea (NT); 0.289 ha. 
IR36 WSR 2nd crop/cowpea (NT); 0.231 ha. 
IR36 WSR 1st crop (NT); 0.275 ha. 
IR36 WSR 2nd crop/cowpea (NT); 0.216 ha. 
IR36 TPR 2nd crop/cowpea (NT); 0.059 ha. 
IR36 TPR 1st crop (NT); 0.338 ha. 
IR36 TPR 1st crop/ratoon (NT); 0.552 ha. 
IR36 WSR 1st crop (NT); 0.129 ha. 
Mung (MT) 2nd crop (NT); 1.019 ha. 
Corn DMR2 1st crop (NT); 1.847 ha. 
Corn/Yambean 2nd crop (HT); 1.847 l 
IR36 WSR 1st crop (NT); 0.467 ha. 
IR28 WSR 1st crop (HT); 0.052 ha. 
IR36 TPR 2nd crop/cowpea (NT); 
0.2 89 ha. 
IR36 WSR 2nd crop.cowpea (NT); 
0.2 31 ha. 
IR36 WSR ist crop (NT); 0.275 ha. 
IR36 TPR 2nd crop/cowpea (NT); 
0.059 ha. 
IR36 WSR 2nd crop/cowpea (NT); 
0.216 ha. 
IR36 TPR 1st crop/ratoon (NT); 
0.552 ha. 
IR36 TPR 1st crop (NT) ; 0. 338 ha. 
IR36 WSR 1st crop (NT); 0.129 ha. 
Mung (MT) 2nd crop (NT); 1.019 ha. 
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traditional varieties. Therefore, Tamon still needs loan to some extent 
to support the farm expenses. 
When loan was doubled from the original level to P3000, it is 
noticeable that the optimum solution generated almost the same results as 
in the original situation. The objective surplus is still gl5327 or g4187 
per hectare which shows no change. The actual level of credit used did 
not change from e7 37 in the original situation implying that Tamon does 
not need extra credit because the increase made did not affect his farming 
decisions at all. The MVP of cash remained at about el.06 per peso implying 
that cash is not relatively scarce for Tamon. Considering therefore the 
financial situation of Tamon, the increase in cash supply through more 
credit availability does not enhance the cash surplus, the adoption of 
NTs and the MVP of cash. The current amount he can obtain is sufficient 
to finance his farming activities. 
4.4 Effects of Proportional Yield Changes for Given Input Levels on 
Technology Selection 
Crops under new technologies are judged to be high yielding compared 
to those under historical technologies. This characteristic associated with 
new technologies can be accounted for as a major reason for it being 
incorporated in the optimal farm plan. To assess the effect of yield on 
the optimal technology selection, proportionate yield increases and 
decreases are made in rice seeding methods. Since rice is the main crop 
the case study farmers are raising, parametisation will involve specifically 
rice crops under new technologies. 
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4.4.1 Pascual T\ihao 
Parametric analysis starts with Tuhao. With credit limit maintained 
at PlOOO with an interest rate of 1% per month, solutions were sought for 
increased yields at different levels. The first level is the 25 percent 
increase of rice yields (Table 4.5). This increase in yield has a 
positive effect on total surplus such that it was increased by around e400. 
The surplus per hectare is raised to P2683. The proportion of area under 
share harvest went down to 8 percent. It is only the harvesting of corn/ 
yambean (NT) as a second crop that used share labour. The proportion of 
area under NT declined to 88% because of mung 3rd crop under HT planted 
to a bigger area this time. The MC index rose to 2.07 and credit usage 
dropped by 30 pesos than at the original level of yield because of less 
adoption of NTs. The maximum MVP of land for first and second crops also 
increased with the 25% increased yield. The MVP of cash did not change 
at all but MVP of labour somehow changed. Family labour did not have any 
shadow price during the first cropping season since it has no other 
opportunities foregone and attained its highest price of Pi.33 in week 2, 
the period of harvesting corn and other crops. With the 25 percent increase 
in rice yields, it could be noticed in the cropping pattern that mostly 
rice is planted as first and second crops in rainfed land. Areas previously 
planted to mung 2nd crop (NT) were shifted to rice using different methods 
of establishment. Hence, the increase made in rice yield diverted the 
cultivation of mung to that of rice regardless of the method used. 
Further increase of yield was also made for the parametric analysis 
of Tuhao's situation. Rice yields under NT were increased to 50 percent 
from the actual level. The increment in total surplus based on the 
solution with original yield level is around #9,500 suggesting that a 50% 
level of increase improves the surplus better than a 25% increase. The new 
TABLE 4 . 5 : E f f e c t s o f Y i e l d Leve l V a r i a t i o n s on S u r p l u s , Resource Use and 
Cropping P a t t e r n s , Pascual Tuhao, C r e d i t Level = PIOOO 
HT + NT v e c t o r s 
O r i g i n a l y i e l d l e v e l 
HT + NT v e c t o r s 
Y i e l d i n c r e a s e d by 25% 
HT + NT v e c t o r s 
Y i e l d i n c r e a s e d by 50% 
T o t a l s u r p l u s 
Surplus per h e c t a r e 
% area under share h a r v e s t 
% area under NT 
MC Index 
T o t a l fami ly and h i r e d 
l a b o u r used (m/hrs) 
P3857 
P2427 
12 
93 
1 . 9 6 
2832 
P4263 
P2683 
2 . 0 7 
3028 
P4790 
P3014 
2 . 0 7 
2977 
C r e d i t usage P460 430 442 
MVP o f Ra in fed land ( P / h a . ) 
1 s t c r op 
2nd c rop 
562 (34) 
468 (50) 
1213 (34) 
664 (47) 
803 (32) 
1321 (47) 
MVP o f Cash (P/P) 
weeks 14-31 
32-13 
1 .03 
1 . 0 0 
1 . 0 3 
1 .00 
1 .0 3 
1 .00 
MVP o f Family Labour (P/mAir) 
1 s t c r op 0 . 3 2 (37) 0 0 . 39 (35) 
2nd c r o p 1 .10 (7) 1 . 33 (2) 1 . 25 (2) 
Cropping p a t t e r n 
P a r c e l s 1 S 7 - Corn 1 s t c rop DMR2 (NT); 1 .026 ha . Corn DMR2 1 s t c r op (NT); 1 .026 ha. C o m DMR2 1 s t c r op (NT); 1 . 0 2 6 ha 
Upland and p a r t l y Corn/Yambean 2nd crop (NT); 0 .965 ha. Com/Yambean 2nd c rop (NT) ; 0 .867 ha . Com/Yambean 2nd c rop (NT) : ; 0. .867 h a . 
owned Com/Yambean 2nd c rop (NT); 0 . 1 6 0 ha. Com/Yambean 2nd c rop (HT) , ; 0 .159 ha . Com/Yambean 2nd c r o p (HT),j ; 0. .159 ha . 
P a r c e l 3 - R a i n f e d IR36 DSR 1 s t c r op (NT); 0 . 0 4 3 ha. IR36 DSR 1 s t c r op (NT) ; 0, .225 ha. IR36 DSR 1 s t c r op (NT) ; 0. .225 ha . 
and share tenanted IR36 TPR 1 s t c r o p / r a t o o n (NT); 0 .182 ha . IR36 TPR 2nd c rop (NT) ; 0, . 160 ha . IR36 TPR 2nd c rop (NT) ; 0. .200 ha . 
Mung (MT) 2nd c rop (NT); 0 .182 ha . IR36 WSR 2nd c rop (NT) ; b. .065 ha . IR36 WSR 2nd c rop (NT) ; 0. .025 ha . 
IR36 WSR 2nd c r o p (NT); 0 . 0 4 3 ha. Mung 3rd c rop (HT) ; 0 .225 ha. Mung 3rd c r o p (HT) ; 0 .225 h a . 
Mung 3rd c r o p (HT) ; 0 . 0 4 3 ha. 
P a r c e l 5 - Ra in fed IR36 TPR 1 s t c r o p / r a t o o n (NT); 0 . 2 2 5 ha . IR36 TPR 1 s t c r op (NT) ; 0 .127 h a . IR36 TPR 1 s t c r o p (NT) ; 0, .149 ha . 
and f u l l y owned Mung (MT) 2nd c rop (NT); 0..225 ha. IR36 DSR 1 s t c r o p (NT) ; 0 .098 h a . IR36 DSR 1 s t c r o p (NT) ; 0. .076 ha . 
IR36 TPR 2nd c r o p (NT) ; 0 .127 ha . IR36 TPR 2nd c r o p (NT) ; 0. .159 ha . 
IR36 WSR 2nd c r o p (NT) ; 0 .098 ha . IR36 WSR 2nd c r o p (NT) ; 0, .066 ha . 
P a r c e l 6 - Ra in fed IR36 TPR 1 s t c r o p (NT); 0 . 1 1 3 ha . IR36 TPR 1 s t c r op (NT) ; 0 .113 ha . IR36 TPR 1 s t c r o p (NT) ; 0, .113 h a . 
-J 
U> 
and share tenanted 
7 4 . 
surplus rate per hectare is P3014 . The MVP of labour increased from the 
original situation but MVP of cash remained the same, that is g l . 0 3 for 
the early part of the year and gl .OO per peso for the latter part implying 
that increase in y ie ld did not tighten the cash position . The rest of the 
results did not vary much from those obtained with the 25% increase. I t 
could be said that both levels of increase can improve the surplus of 
Tuhao and influence the adoption of more rice crops under NT. 
4 . 4 . 2 Ernesto Tamon 
In Tamon's case, the effect of a proportionate yield decrease of 
rice was also tested. Yield was cut down by 25 percent and the effects of 
this decrease are presented in Table 4 . 6 . When compared to the original 
situation (HT + NT vectors with actual yield l e v e l ) , one difference is 
the lower cash surplus for this decreased yield situation. The area under 
share harvest did not change remarkably but the area under NT constitutes 
only 56 percent of the actual area cropped which was previously 75 percent. 
This was largely brought about by the inclusion of HT IR28 in the optimal 
plan . However, the multiple cropping index was not affected and credit 
usage went down as a result perhaps of less adoption of NT rice crops. 
The method of rice crop establishment remained almost the same but full 
adoption of NT rice crops was deterred since there is no sense in adopting 
NT when its yield is lower. In the earlier solution, all rice crops are 
IR36 but with the reduction made in y ie ld , IR2 8 was incorporated in both 
irrigated and rainfed land as a f irst crop. The MVP of rainfed land 
became higher in this new situation , the MVP of cash was not affected but 
the maximum MVP of labour for the second cropping season was lowered. 
After analysing the impact of the proportionate decrease in Tamon's 
technology selection, the effect of increased rice yields was looked at . 
TABLE 4 . 6 : E f f e c t s o f Y i e l d Level V a r i a t i o n s on S u r p l u s , 
and Cropping P a t t e r n s , Ernesto Tamon. 
Resource Use 
HT + NT vectors 
Y i e l d reduced by 25% 
HT + NT vectors 
O r i g i n a l y i e l d l e v e l 
HT + NT vectors 
Y i e l d i n c r e a s e d by 50% 
Total s u r p l u s (") 
Surplus per hectare 
% area under share harvest 
% area under NT 
MC Index 
Total family and h i r e d 
labour used (mAirs) 
C r e d i t usage 
MVP o f Ra infed land ( P A i a . ) 
1st crop 
2nd crop 
e l 3 9 9 2 
P 3822 
47 
56 
2.0 
4004 
P435 
1231 (35) 
1 898 (49) 
P 1 5 3 2 7 
g 4 1 8 7 
48 
75 
2.0 
4179 
P737 
1122 (35) 
1700 (49) 
P 1 8 3 7 1 
P 5 1 0 8 
5 4 ' 
70 
2.0 
4139 
P710 
2700 (35) 
2 1 5 8 (49) 
MVP o f Cash (¥/¥) 
weeks 14-31 
32-13 
1 . 0 3 
1.00 
1 . 0 3 
1.00 
1 . 0 3 
1.00 
MVP o f family labour ( P /m /hr ) 
1st crop 
2nd crop 
1 . 6 8 (34) 
1 . 5 0 (2) 
1 . 6 6 (38) 
3 . 0 1 (4) 
2 . 3 1 (37 
2 . 4 8 (3) 
Cropping p a t t e r n 
Parcel 1 - Upland 
and f u l l y owned 
C o m DMR2 1 s t crop ( N T ) ; 1 . 8 4 7 h a . 
C o m / Y a m b e a n 2nd crop (HT) ; 1 . 8 4 7 ha . 
C o m DMR2 1st crop ( N T ) ; - 1 . 8 4 7 h a . 
C o m / Y a m b e a n 2nd crop (HT) ; 1 . 8 4 7 ha . 
C o m DMR2 1st crop ( N T ) ; 1 . 8 4 7 h a . 
Com/Yambeiin 2nd crop (HT) ; 1 . 8 4 7 h a . 
P a r c e l 2 - IR2B WSR 1st crop (HT) ; 0 . 5 1 7 ha . IR36 WSR 1st crop (NT) : 0 . 4 6 7 ha . IR36 WSR 1st crop (NT) ; 0 . 5 2 0 h a . 
I r r i g a t e d and IR36 WSR 1st crop (NT) ; 0 . 0 0 3 ha . IR36 TPR 2nd crop/cowpea (NT) ; 0 . ,2 89 ha . IR36 WSR 2nd crop /cowpea (NT) ; 0 . 2 0 6 h a . 
share tenanted IR36 WSR 2nd crop/cowpea (NT) ; 0 . 375 h a . IR36 WSR 2nd crop/cowpea (NT) ; 0 , ,231 h a . IR36 TPR 2nd c r o p / r a t o o n (NT) ; 0 . 1 9 6 h a . 
IR36 TPR 2nd crop .cowpea (NT) ; 0 . ,145 h a . IR36 TPR 2nd crop /cowpea (NT) ; 0 . 1 1 8 h a . 
P a r c e l s 3 & 4 - IR36 WSR 1st crop ( N T ) ; 0 . 1 5 3 ha . IR36 WSR. 1st crop (NT) ; 0 . 2 7 5 ha . IR36 WSR 1st crop (NT) ; 0 . 2 7 5 h a . 
I r r i g a t e d and IR28 WSR 1 s t crop (HT) ; 0 . 1 2 2 ha . IR36 WSR 2nd crop/cowpea (NT) ; 0 . . 216 h a . IR36 WSR 2nd crop /cowpea (NT) ; 0 . 2 7 5 h a . 
f u l l y owned IR36 WSR 2nd crop/cowpea (NT) ; 0 . .275 h a . IR36 TPR 2nd crop/cowpea (NT) ; 0 . .059 h a . 
P a r c e l s 5 S 6 - IR28 TPR 1st crop (HT) ; 0 . 6 4 1 ha . IR36 TPR 1st crop (NT) ; 0 . 3 3 8 ha . IR36 TPR 1st crop (NT) ; 0 . 5 3 5 h a . 
R a i n f e d and IR36 TPR 1st crop /ratoon (NT) ; 0 . .2 76 h a . IR36 TPR 1st crop /ratoon (NT) ; 0 . .552 h a . IR36 TPR 1st crop /cowpea (NT) ; 0 . 326 h a . 
f u l l y owned IR28 WSR 1st crop (HT) ; 0 . 1 0 1 ha . IR36 WSR 1st crop (NT) ; 0 . 1 2 9 ha . IR36 TPR 1st c r o p / r a t o o n (NT) ; 0 . 1 4 8 h a . 
Mung (MT) 2nd crop ( N T ) ; 1 . 0 1 9 ha . Mung (MT) 2nd crop (NT) ; 0 . 0 1 9 h a . Mung (MT) 2nd crop (NT) ; 0 . 5 6 9 h a . 
IR36 TPR 2nd crop (NT) ; 0 . 1 2 5 h a . 
Mung 2nd crop ( H T ) ; 0 . 5 2 5 h a . Ui 
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An increment of 50 percent in rice yields was made (Table 4,6) . The total 
surplus is increased by g3000. The surplus per hectare went up to P5108 
which in the original situation was g4187. Due to the increased yield, the 
percent area share harvested is now 54%. The observed decline in percentage 
area under NT from 75% to 70% could be attributed to the inclusion of the 
historical technology crop mung as a second crop in rainfed land. However, 
the MC index did not change. All rice crops used fall under NT because of 
the increase made in their yield. 
The analysis then shows that changes in yield affect the selection 
of technologies by Tamon as well as Tuhao in the farm budgeting model. 
With a decrease in yield of rice crops under NT is the lesser adoption of 
the said technology and ultimately a lesser cash surplus. On the other 
hand, an increase in rice yield under NT brings about an increase in cash 
surplus. 
4.5 Equalisation of Rice Yields 
The transplanting method of establishment of IR36 under NT is 
believed by the case study farmers to give higher yields than other 
alternative methods, i.e. dry-seeding m d wet-seeding. To see if these 
different methods of establishment really affect the selection of 
technologies by the farmer, rice yields were equalised such that the 
superiority of one method to others in terms of yield is eliminated and 
thus reflect the decision-making of the farmer and remove bias toward the 
method of transplanting. 
4.5.1 Pascual Tuhao 
The effects of equalised rice yields on the farm use of resources 
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and surplus are shown in Table 4.7. Since cash is the major binding 
constraint for Tuhao, different credit levels were assumed with this 
equalisation of the yield at TPR level. 
First, the rice yields were equalised with credit at its basic 
level, that is P300. Compared to the solution where yields are at their 
actual level, total cash surplus increased minimally. Percentage area 
under NT is now 88% which was 43% previously. This shows that without 
an increase in credit, equalisation of rice yields could bring about the 
adoption of more NTs. MC index was also increased from 1.88 to 1.93. In 
terms of cropping patterns, it is shown that in fully owned rainfed land, 
the first crop is IR36 DSR and the second crop is IR35 WSR. Previously in 
the basic solution, this area is planted to WSR Kapopoy and IR36 TPR/ratoon 
for the first crop and TPR for 2nd crop. Also the share-tenanted rainfed 
land of 0.113 ha. (parcel 6) is now split into TPR and WSR IR36. The 
inclusion of WSR can be accounted to Tuhao's judgment of this method as 
generating higher net return and higher return to labour than TPR. With 
less labour required by WSR, TPR is still specified in some parcels since 
it gives a relatively high net return as well as a high return to cash. 
With more cash, that is, credit was increased to g600, the total 
surplus increased by g400. The area under NT remained at 88% but credit 
usage went up to g4 38 showing that Tuhao needs extra cash. The MC index 
became higher, that is 2.07. This means that an increase in loan enhances 
the surplus and the practice of multiple cropping although it does not 
influence the area used under NTs. The maximum MVPs of rainfed land also 
increased but cash MVPs were not affected. A remarkable result of the 
increase in loan in terms of cropping pattern is in the share-tenanted 
rainfed land (parcel 3) as the first crop is split into WSR and DSR IR36; 
the second crop of mung is shifted to TPR and a third crop of mung was 
TABLE 4 . 7 : E f f e c t s o f E q u a l i s e d Rice Y i e l d s at D i f f e r e n t C r e d i t L e v e l s 
on S u r p l u s , Resource Use and Cropping P a t t e r n , Pascual Tuhao. 
HT + NT vectors 
C r e d i t = g300 
HT + NT vectors 
C r e d i t = P600 
HT + NT vectors 
C r e d i t = PIOOO 
Total surplus 
Surplus per hectare 
% area share harvest 
P3461 
P3461 
? 2 1 7 8 
9 
P3897 
e2452 
? 3 8 9 7 
^ 2452 
9 
% area under NT 88 
C r e d i t usage 
MC Index 
MVP o f Rainfed Land (PA ia . 
1 st crop 
2nd crop 
MVP o f Cash {¥/¥) 
weeks 14-31 
32-13 
? 300 
1 . 9 3 
709 (39) 
464 (41) 
5 . 9 7 
1.00 
? 438 
2 . 0 7 
911 (32) 
873 (47) 
1 . 0 3 
1.00 
g 4 3 8 
2 . 0 5 
450 (32) 
?59 (8) 
1 . 0 3 
1.00 
MVP of Family Labour (P/m/lir) 
1 s t crop 
2nd crop 
0 
1.10 
Cropping pattern 
Parcel 1 - Upland 
and p a r t l y owned 
P a r c e l 3 - R a i n f e d 
and share tenanted 
P a r c e l 5 - R a i n f e d 
and f u l l y owned 
P a r c e l 5 - R a i n f e d 
and share tenanted 
(7-8) 
C o m DMR2 1st crop (NT) ; 0 . 8 1 4 ha . 
S ingapore c o m 1 s t crop (HT) ; 0 . 2 1 2 ha . 
Corn/Yambean 2nd crop (NT ) ; 0 . 8 6 7 h a . 
C o m / Y a m b e a n 2nd crop (HT) ; 0 . 1 5 9 ha . 
IR36 TPR 1st crop /ratoon ( N T ) ; 0 . 2 2 5 ha . 
Mung 2nd crop ( H T ) ; 0 . 2 2 5 h a . 
IR36 DSR 1st crop ( N T ) ; 0 . 2 2 5 h a . 
IR36 WSR 2nd crop (NT ) ; 0 . 2 2 5 h a . 
IR36 TPR I s t crop (NT ) ; 0 . 1 0 6 ha . 
IR36 WSR 2nd crop ( N T ) ; 0 . 0 0 7 h a . 
1 . 3 8 (35) 
1 . 3 0 (2) 
C o m DMR 2 1st crop (NT) ; 1 . 0 2 6 h a . 
C o m / Y a m b e a n 2nd crop (NT) ; 0 . 8 6 7 h a . 
C o m / Y a m b e a n 2nd crop (HT> ; 0 . 1 5 9 h a . 
IR36 WSR 1st crop ( N T ) ; 0 . 1 2 4 h a . 
IR36 DSR 1st crop ( N T ) ; 0 . 1 0 1 h a . 
IR36 TPR 2nd crop ( N T ) ; 0 . 1 9 6 h a . 
Mung 3rd crop (HT ) ; 0 . 2 2 5 h a . 
IR36 DSR 1st crop ( N T ) ; 0 . 2 2 5 h a . 
IR36 WSR 2nd crop ( N T ) ; 0 . 2 2 5 h a . 
IR36 TPR 1st crop ( N T ) ; 0 . 1 0 3 h a . 
IR36 WSR 1st crop ( N T ) ; 0 . 0 1 0 h a . 
1 . 7 6 (35 ) 
1 . 1 8 (2) 
C o m DMR2 1st crop ( N T ) ; 1 . 0 2 6 h a . 
C o m / Y a m b e a n 2nd crop ( N T ) ; 0 . 8 6 7 ha . 
C o m / Y a m b e a n 2nd crop (HT) ; 0 . 1 5 9 ha . 
IR36 WSR 1st crop ( N T ) ; 0 . 1 2 4 h a . 
IR36 DSR 1st crop ( N T ) ; 0 . 1 0 1 h a . 
IR36 TPR 2nd crop ( N T ) ; 0 . 1 9 6 h a . 
Mung 3rd crop ( H T ) ; 0 . 2 2 5 h a . 
IR36 DSR 1st crop ( N T ) ; . 0 . 2 2 5 h a . 
IR36 WSR 2nd crop ( N T ) ; 0 . 2 2 5 h a . 
IR36 TPR 1st crop ( N T ) ; 0 . 1 0 3 h a . 
IR36 WSR 1st crop ( N T ) ; 0 . 0 1 0 h a . CO 
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cultivated. The inclusion of a third crop must have been made possible by 
the shorter planting date of TPR. The increase in cash should have 
influenced the adoption of the two first NT rice crops in this particular 
area. 
When the credit level was further raised to PlOOO, no remarkable 
change was brought about in the solution based on that when credit was at 
the P600 level. This may imply, that Tulriao does not need extra cash up to 
this amount. The solution shows that credit usage did not change in spite 
of the higher limit set on loan. The MVP of cash was not even affected. 
Perhaps much less than this loan will do better. The whole outcome has 
indicated that with yields held equal at TPR level for all rice crops in 
Tuhao's farm, the main emphasis is no longer placed on the TPR crop. A 
combination of the different methods are now specified and this again shows 
the complementarities among them. 
4.5.2 Ernesto Tamon 
Table 4.8 gives the optimum solution for Tamon when rice yields on 
rainfed land were equalised with the actual family labour endowment. In 
terms of surplus, there was not so much increase compared to the basic 
situation with actual yield levels. The same method of establishment 
and same rice varieties were specified. There was no remarkable change 
in percentage area under share harvest, MC index and credit usage. A 
significant change brought about by this equalisation is that more area 
was planted to WSR than TPR. The MVPs of rainfed land are much higher in 
this new situation than when yields are at the actual level. The results 
show that when rice yields are held equal, deviation from TPR is brought 
about and another method, like WSR, is put into equal consideration. 
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Since equalisation of rice yields on rainfed land with the original 
amount of available family labour did not bring much significant impact 
on Tamon's selection of technologies and cash surplus, family labour was 
thought of tripled along with this equalisation of yields on rainfed land 
since this farmer is observed to have less endowment of this type of 
labour. The total surplus, in this new situation, was raised to gl7521 
which is greater by more than g2000 in the basic solution. No more area 
is under share harvest and this could be attributed to the availability of 
more family labour. The selection of technology is not affected since the 
percent area under NT remained the same. The MC index remained the same 
also. This suggests that in spite of the tripling of labour along with 
equalisation of rice yields, the cropping pattern is not so much influenced 
although the cash surplus is. The only change in cropping pattern was that 
in the fully owned irrigated land, 2nd crop of rice \ises TPR method due 
to more available family labour. For rainfed land, plain TPR 1st crop is 
no longer specified. The results suggest that yield is not the very 
determining factor in technology selection by Tamon although it has an 
effect on the cash surplus. In spite of the equal yields assumed for all 
rice crops, a mix of rice crop establishments is specified in the optimum 
solution and no emphasis was seen on just one particular method. This 
again suggests complementarities between different technologies. 
TABLE 4 . 8 : E f f e c t s of E q u a l i s e d Rice Y i e l d s on S u r p l u s , Resource 
Use and Cropping P a t t e r n s , Ernesto Tamon at O r i g i n a l 
and T r i p l e d Family Labour . 
HT + NT vectors 
Actual family labour 
HT + NT vectors 
Family labour t r i p l e d 
Total surplus 
Surplus per hectare 
% area under share h a r v e s t 
% area under NT 
MC Index 
C r e d i t usage 
MVP o f r a i n f e d land ( P A i a . ) 
1st crop 
2nd crop 
MVP of cash (P /P ) 
weeks 14-31 
32-13 
P15376 
4200 
46 
75 
1 . 9 8 
P659 
P1988 (35) 
i'1885 (49) 
1 . 0 3 
1.00 
P17521 
4786 
0 
75 
2.0 
P690 
2557 (35) 
2 2 5 8 (49) 
1 . 0 3 
1.00 
MVP of family labour 
1st crop 
2nd crop 
Cropping pattern 
Parcel 1 - Upland 
cind fu l ly owned 
Parcel 2 - I r r i g a t e d 
and share tenanted 
Parcels 3 & 4 -
I r r i g a t e d and f u l l y 
owned 
Parcels 5 & 6 -
Rainfed and fu l ly 
owned 
1 . 5 9 (38) 
2 . 9 9 (4) 
Corn DMR2 1st crop ( N T ) ; 1 . 8 4 7 h a . 
Corn/Yambean 2nd crop (HT) ,- 1 . 8 4 7 ha . 
IR36 WSR 1st crop (NT ) ; 0 . 4 5 1 h a . 
IR36 TPR 2nd crop/cowpea ( N T ) ; 0 . 2 7 0 h a . 
IR36 WSR 2nd crop/cowpea ( N T ) ; 0 . 2 5 0 h a . 
IR36 WSR 1st crop (NT ) ; 0 . 2 7 5 h a . 
IR36 WSR 2nd crop/cowpea ( N T ) ; 0 . 2 1 6 h a . 
IR36 WSR 1st crop (NT ) ; 0 . 4 8 7 h a . 
IR36 TPR 1st crop /ratoon ; 0 . 4 4 3 h a . 
IR36 TPR 1st crop (NT ) ; 0 . 0 7 9 h a . 
Mung (MT) 2nd crop ( N T ) ; 1 . 0 1 9 h a . 
1 . 8 7 (37) 
0 . 4 7 (10) 
C o m DMR2 1st crop ( N T ) ; 1 . 8 4 7 h a . 
C o m / Y a m b e a n 2nd crop (HT) ; 1 . 8 4 7 h a . 
IR36 WSR 1st crop ( N T ) ; 0 . 5 2 0 h a . 
IR36 WSR 2nd crop/cowpea ( N T ) ; 0 . 3 7 9 h a . 
IR36 TPR 2nd crop/cowpea ( N T ) ; 0 . 1 4 1 h a . 
IR36 WSR 1st crop ( N T ) ; 0 . 2 7 5 h a . 
IR36 TPR 2nd crop /cowpea ; 0 . 2 75 h a . 
IR36 WSR 1st crop ( N T ) ; 0 . 4 3 9 h a . 
IR36 TPR 1st crop /ratoon ( N T ) ; 0 . 5 8 0 h a . 
Mung (MT) 2nd crop ( N T ) ; 1 . 0 1 9 h a . 00 
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CHAPTER 5 
THE EFFECTS OF VARIABILITY IN WEATHER PATTERNS 
ON THE SELECTION OF TECHNOLOGY 
5.1 The Importance of Rainfall 
Variability in rainfall greatly influences the cropping strategies 
of the farmers. This variability may be in terms of its unpredictable 
time of onset, the intensity that will occur in any given month, and 
fluctuat ion in the late season rainfall. Under rainfed conditions, 
maximum production requires that farmers plan their farming activities 
considering all these aspects of variability. Crop sequences as well as 
the timing of crop operations must be flexible to accommodate this 
variability in rainfall. 
Figure 5.1 illustrates the variation in rainfall distribution in 
the Iloilo test site from 1950-75 through 1978. Monthly average rainfall 
figures are given for each period. The graph shows how the rainfall 
pattern behaves irregularly. Over the 1975-78 period, the establishment 
of crops in different pattern groups has been influenced by the rainfall 
distribution for the crop year. For example, during 1975-76, rain started 
very early in April and was more or less evenly distributed through 
October. Farmers planted much green corn and harvested it before planting 
their rice crops. Rice after green corn was mostly harvested in November 
or October. During 1977-78 rainfall started late in June, reached a high 
peak in September and subsided abruptly in October. Farmers reacted by 
planting more wet seeded rice instead of green corn because of the rapid 
accumulation of water in paddies due to the abrupt rainfall. Because of 
Rainfall (mm) 
9001 
FIGURE 5.1: Comparison of the 1975-1978 Monthly Rainfall with the 
25-year Average. Oton and Tigbauan, Iloilo. 
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the early onset of the dry season in all three crop years, the yield 
performance of the second rice crop or upland crop has often been poor 
(Zandstra et al, 1978). The decision of the farmer whether to opt for 
an upland crop or rice .as a second crop depends on the pattern of rainfall 
at the harvest of the first crop. Some cultural practices such as 
methods of establishing rice, timing of field operations and tillage 
techniques for upland also depend on the expected rainfall. In Iloilo, 
most of the farmers claimed that wet-seeded rice first crop allows more 
change for a second rice crop because of the earliness of the planting 
compared to TPR. Likewise, DSR gives more chance of double cropping 
due to the early planting of the first crop (April-May). By using short-
maturing varieties, farmers can take advantage of the available moisture 
for a second rice crop by harvesting and planting early prior to the onset 
of the dry season (Price et al, 1978, p. 11). 
As mentioned earlier, the variability in the onset and termination 
of the wet season undoubtedly influences the farmer's cropping strategies 
particuarly under rainfed conditions. These onset and termination dates 
are graphed in Figure 5.2 with the cumulative probabilities of receiving a 
given amount of rain. At the left hand side of the graph is the onset of 
the wet season. The lower values (25-75 mm.) represent the approximate 
amount of rainfall required for the growth of DSR and the highest value 
(200 mm.) represents the amount necessary to initiate puddling. At the 
termination of the wet season at the right hand side, the lower value 
(100 mm.) corresponds to the light sporadic rains which would fall late in 
the transition period between the rainy and dry seasons or during the dry 
season. The higher value represents dates after which sufficient rain 
would be expected to sustain a second rice or other short duration field 
crop assuming a fully charged profile at planting (Zandstra et al, 1978, 
pp. 3-4). 
FIGUPE 5.2: Cumulative probabilities of having received a given amount of rain on a certain date (start) 
and of still receiving a certain amount of rain after a given date (end) for. the Iloilo 
rainy season (Tigbauan rainfall records ( 15 years)). 
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Source: Zandstra and Morris (19/8). 
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5.2 Simulation of Rainfall Conditions 
With this knowledge of the probable onset and termination of 
rainfall, three weather situations are simulated in this section to 
investigate the effects on the selection of technology of rainfall 
variability. Permissible first ploughing dates were set by cutting off 
some vectors in each set of new technologies to adjust the activity to a 
probable onset of more rain. For the first situation, which is termed 
here weather situation 1, the original HT and NT vectors are maintained, 
thus setting first ploughing dates early (April or May). The next is 
weather situation 2 where the first ploughing date for all rice crops 
is set at week 24, that is around J\ane when more rain is expected. For 
upland crops, the first ploughing date is set at week 21. The last 
situation is termed weather situation 3 where the first ploughing date 
for all , rice crops is set at week 27 (second week of July) when sufficient 
rain to start puddling is highly probable (almost 100%) . For upland 
crops, first ploughing is set at week 24. 
Table 5.1 presents the effects of weather simulation on the surplus 
and resource use of Tuhao and Tamon. Looking at Tuhao's case first on 
the left hand side of the table, the first situation is used here as the 
basis of comparison with the other situations. This first situation was 
discussed in Chapter 4 where credit is set at a level of PIOOO (Tables 4.1 
and 4.5). It is observed that cash surplus decreased slightly from 
weather situation 1 through weather situation 3 due to a limited choice 
of technology when some vectors were cut moving ploughing dates later. 
.The percent area under share harvest is highest in the third situation. 
The difference in credit usage was very little among the three situations. 
The maximum MVP of rainfed land for the first crop went up from weather 
TABLE 5.1: Effects of Rainfall Simulation on Tuhao's and Tamon's Surplus and Resource Use. 
Weather 
situation 1 
Weather 
situation 2 
Weather 
situation 3 
Weather 
situation 1 
Weather 
situation 2 
Weather 
situation 3 
Total cash surplus 
Surplus/ha. 
% area share harvest 
% area under NT 
MC Index 
Credit usage 
Maximum MVP of 
rainfed land (?/ha.) 
1st crop 
2nd crop 
MVP of Cash (g/P) 
weeks 14-31 
32-13 
Maximum MVP of family-
labour (g/m/hr) 
1st crop 
2nd crop 
P3857 
¥20.21 
12 
93 
1.96 
g460 
562 (34) 
468 (50) 
1.03 
1.00 
0.32 (37) 
1.10 (7) 
g3712 
g2336 
88 
2.07 
447 
696 (34) 
457 (47) 
1.03 
1.00 
g3640 
g2291 
14 
93 
2.07 
453 
980 (35) 
351 (43) 
1.29 (35) 
1.10 (7 & 8) 
1.03 
1.00 
1.44 
1.29 
gl5327 
P 4187 
48 
75 
1.99 
737 
1122 (35) 
1700 (49) 
[35) 
(2) 
1.03 
1.00 
1.66 (38) 
3.01 (4) 
gl7521 
g 4775 
52 
59 
1.99 
690 
1732 (35) 
2557 (49) 
1.03 
1 .00 
1.35 
1.15 
P13241 
g 3617 
51 
72 
1.78 
219 
1902 (35) 
1968 (49) 
1.03 
1.00 
0.70 (39) 
1.51 (42) 
CD 
situation 1 to 3 but for the 2nd crop, the MVP declined due perhaps to 
late harvesting as a result of later planting. It should be noticed 
that no second crop was planted in Tuhao's rainfed parcels under the 
second and third weather situations. Not so much effects were seen on 
the MVPs of cash and labour. However, in terms of cropping patterns, some 
remarkable changes were made. Under weather situation 2 the cropping 
pattern in upland (parcels 1 & 7) still followed corn as first crop and 
corn/yambean as second crop (Table 5.2). For rainfed parcels, planting 
of rice was quite late, aroimd September (weeks 36-37) when water has 
accumulated in the paddies. The methods generally used were either TPR 
or WSR. Mung was planted as a second crop in parcel 3 but the rest did 
not have a second crop because of the low probability of sufficient rain 
for double cropping. In weather situation 3, Tiihao' s cropping patterns 
remained almost the same except for parcel 5 where the first crop now 
includes-TPR aside from WSR. This may imply that moving the planting 
date another three weeks later based on weather situation 2 does not 
influence the farm plan greatly. 
In the case of Tamon, the right hand side of Table 5.1 shows the 
effects of weather simulation on his surplus and resource use. The cash 
surplus is highest in weather situation 2 at an amount of P17,521 although 
the area under NT declined to 59% due to the inclusion of IR28 as a first 
crop in the irrigated areas (parcels 2, 3 & 4). The MC index remained 
the same in weather situation 2 but declined to 1.78 in the third 
situation because no second crop was planted in the irrigated areas. 
Credit usage was observed to be lowest in the third weather situation. 
The maximum MVP of rainfed land was highest in the second situation but 
the MVP of cash was not affected. In terms of cropping patterns, Table 5.3 
presents the mix of technologies specified under the three situations. 
TABLE 5.2: Mix o f Technolog ies and Cropping Pat terns from Tuhao's Optimum 
So lut ions Simulat ing R a i n f a l l Condi t ions . 
Weather s i t u a t i o n 1 
Basic HT + NT vec to rs 
VJeather s i t u a t i o n 2 
HT + NT vec to r s 
Weather s i t u a t i o n 3 
HT + NT vec to rs 
Parce l s 1 S 7 
Upland and 
p a r t l y owned 
(1.026 ha . ) 
Com DMR2 1st crop (NT) 
FL (16-32 to 26-42) : 1.026 ha. 
Com/Yambean 2nd crop (NT) 
FL (41-8 to 44-11) : 0.502 ha. 
SL (41-8 to 44-11) : 0.363 ha. 
Com/Yambean 2nd crop (HT) 
FL (42-8) : 0.160 ha. 
Com DMR2 1st crop (NT) 
FL (22-38 to 26-42) : 1.026 ha. 
Corn/yambean 2nd crop (NT) 
FL (41-8 to 44-11) : 0.589 ha. 
SL (41-8 to 43-10) : 0.278 ha. 
Com/Yambean 2nd crop (HT) 
FL (42-8) : 0.159 ha. 
Com DMR2 1st crop (NT) 
FL (24-40 to 26-42 ) : 1.026 ha. 
Corn/Yambean 2nd crop (NT) 
FL (41-8 to 44-11) : 0.589 ha. 
SL (41-8 to 44-11) : 0.437 ha. 
Parce l 3 
Ra in fed and 
share tenanted 
(0.225 ha . ) 
IR36 TPR 1st crop/ratoon (NT) 
FL (22-47 to 23-48) : 0.182 ha. 
IR36 DSR 1st crop (NT) 
FL (17-35) : 0.043 ha. 
Mung (MT) 2nd crop (NT) 
FL (49-11) : 0.182 ha. 
IR36 WSR 2nd crop (NT) 
FL (36-2) : 0.043 ha. 
Mung 3rd crop (HT) 
FL (4-13) : 0.043 ha. 
IR36 TPR 1st crop (NT) 
FL (37-1 to 38-2) : 0.115 ha. 
IR36 WSR 1st crop (NT) 
FL (36-2) : 0.110 ha. 
Mung 2nd crop (HT) 
FL (4-13) : 0.225 ha. 
IR36 WSR 1st crop (NT) 
FL (36-2) : 0.142 ha. 
IR36 TPR 1st crop (NT) 
FL (36-52) : 0.083 ha. 
Mung 2nd crop (HT) 
FL (4-13) : 0.225 ha. 
P a r c e l 5 
Ra in fed and f u l l y 
owned 
(0.225 ha . ) 
IR36 TPR 1st crop/ratoon (NT) 
FL (23-48) : 0.225 ha. 
Mung (MT) 2nd crop (NT) 
FL (49-11) : 0.225 ha. 
IR36 WSR 1st crop (NT) 
FL (36-2) : 0.225 ha. 
IR36 WSR 1st crop (NT) 
FL (36-2) : 0.213 ha. 
IR36 TPR 1st crop (NT) 
FL (37-1) : 0.012 ha. 
Pa r c e l 6 
Ra in fed and 
share tenanted 
(0.113 ha . ) 
IR36 TPR 1st crop (NT) 
FL (31-46) : 0.113 ha. 
IR36 TPR 1st crop (NT) 
FL (27-42 to 32-47) : 0.113 ha. 
IR36 TPR 1st crop (NT) 
FL (29-44 to 32-47) : 0.113 ha. 00 VD 
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Based on situation 1, the cropping pattern for upland areas did not change 
in weather situation 2 but choice of varieties used changed. For parcel 2, 
IR28 TPR and WSR are specified as first crops. For parcels 3 and 4, IR28 
TPR and WSR again replaced IR36 in situation 1 as first crop. The changes 
made in the ploughing dates for weather situation 2 suggest that simulation 
of rainfall influences the adoption of technology but not so much in favour 
of the new one. 
For the third situation where the earliest planting date occurs in 
week 27 for rice crops and week 24 for upland crops, the cropping pattern 
for upland did not change either except that corn/yambean as second 
crops employs only share labour because family labour is devoted to rice 
crops. For all the irrigated area, only IR36 WSR/cowpea is planted. Due 
to its late planting, raising a second crop was not made possible. In 
rainfed areas, first crops include TPR and WSR IR36 and second crops 
include mung. The results suggest that weather situation 2 is best for 
improving Tamon's surplus but it is not as good as the first situation in 
promoting new technologies. Hence a maximum objective surplus can be 
obtained when first rice crops are planted earliest in week 24 and upland 
crops in week 21 when rain is sufficient to sustain the growth of crops. 
In general, the differential impact of rainfall simulation on the 
individual farmer's surplus and the adoption of technologies depend on 
each one's endowment of rainfed land where the effect of rainfall is most 
seriously felt. As first ploughing date is moved later, the surplus of 
the farmer with rainfed farms and no irrigated areas declined as a result 
of his limited choice of crops to be planted and absence of second crops 
due to the late planting of the first crop. For the farmer endowed with 
both irrigated and rainfed areas, moving rice planting to week 24 (weather 
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situation 2) improved the surplus since the availability of more rain 
facilitated full adoption of TPR IR36 as first crop in rainfed areas 
which then gives a higher yield. However moving rice planting later to 
v/eek 27 (weather situation 3) lowered the total surplus because the 
farmer diverted his attention from irrigated to rainfed areas as a result 
of the high assurance of rain. This is suggested by the absence of second 
crop in the irrigated areas which could have brought about the decline in 
surplus. 
TABLE 5.3: Mix of Technologies and Cropping Patterns 
Solutions Simulating Rainfall Conditions. 
fro;n Tamon's Optimum 
Weather situation 1 Weather situation 2 Weather situation 3 
Parcel 1 
Upland and fully Corn DMR2, 1st crop (NT) Corn DMR2, 1st crop (NT) Corn DMR2, 1st crop (NT) 
owned FL (16-32 to 26-42): 1.012 ha. FL (21-37 to 26-42): 0 .445 ha. FL (24-40 to-26-42): 0.458 ha. • 
(1.847 ha.) SL (17-33 to 26-42): 0.835 ha. SL (21-37 to 23-39): 1.402 ha. SL (24-40- to 26-42): 1.390 ha. 
Corn/Yambean, 2nd crop (HT) Corn/Yambean, 2nd crop (HT) Com/Yambean/ 2nd crop (HT) 
FL (37-3 to 44-09) : 0.355 ha. FL (44-9) : 0.068 ha. SL (41-06 to 44-09): 1.847 ha. 
SL (38-8 to 44-09) : 1.492 ha. SL (38-8 to 44-9) : 1.779 ha. 
Parcel 2 
Irrigated and IR36 WSR 1st crop (NT) IR28 TPR 1st crop (HT) IR36 WSR 1st crop/cowpea (NT) 
share tenanted FL (19-38 to 20-39): 0.384 ha. FL (24-39 to 25-41) : 0. 379 ha. FL (34-11 to 38-15): 0.520 ha. 
(0.520 ha.) SL (20-39) : 0.083 ha. IR2 8 WSR 1st crop (HT) 
IR36 TPR 2nd crop/cowpea (NT) FL (24-39 to 25-40): 0.140 ha. 
FL (39-15 to 41-17): 0.289 ha. IR36 TPR 2nd crop/cowpea a (NT) 
IR36 WSR 2nd crop/cowpea (NT) FL (39-15 to 41-17): 0.376 ha. 
FL (37-14 to 40-17): 0.231 ha. IR36 WSR 2nd crop/cowpea (NT) 
FL (39-3 to 40-4) : 0.144 ha. 
Parcels 3 & 4 
Irrigated and fully IR36 WSR 1st crop (NT) IR28 TPR 1st crop (HT) IR36 WSR 1st crop/cowpea (NT) 
owned SL (19-38 to 20-39) : 0.275 ha. SL (24-39) : 0.068 ha. FL (35-12 to 40-17): 0.275 ha. 
(0.275 ha.) IR36 WSR 2nd crop/cowpea (NT) IR28 WSR 1st crop (HT) 
SL (39-16 to 40-17) : 0.216 ha. SL (24-39 to 25-40) : 0.20 7 ha. 
IR36 TPR 2nd crop/cowpea (NT) IR36 TPR 2nd crop/cowpea (NT) 
FL (39-16) : 0.059 ha. SL (41-17) : 0.042 ha. 
FL (39-15) : 0.031 ha. 
Parcels 5 S 6 
Rainfed and fully IR36 TPR 1st crop/ratoon (NT) IR36 TPR 1st crop (NT) IR36 TPR 1st crop (NT) 
owned FL (22-47) : 0.058 ha. FL (28-43 to 33-48): 0.698 ha. FL (28-43 to 33-48): 0.706 ha. 
(1.019 ha.) SL (22-47 to 23-48): 0.494 ha. SL (27-42 to 30-45): 0. 320 ha. SL (27-42 to 30-45): 0.120 ha. 
IR36 TPR 1st crop (NT) Mung (MT) 2nd crop (NT) IR36 WSR 1st ^rop (NT) 
FL (28-43 to 29-44): 0.338 ha. FL (45-7 to 49-11) : 0.831 ha. FL (27-43) : 0.050 ha. 
IR36 WSR 1st crop (NT) Mung (MT) 2nd crop (NT) 
FL (29-46) : 0.129 ha. FL (44-6 to 49-11) : 1.019 ha. 
Muna (MT) 2nd crop (NT) 
FL (46-08 to 49-11): 0.920 ha. 
SL (49-11) ,: 0.099 ha. 
(£1 NJ 
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CHAPTER 6 
SUMMARY, CONCLUSIONS AND IMPLICATIONS 
This study aims to measure the economic benefits of new 
technologies (NTs) developed for rice farmers in a range of practical 
situations. These new technologies include methods of rice crop 
establishment, i.e. transplanting (TPR), wet-seeding (WSR) and dry-
seeding (DSR); and new rice varieties such as IR36 as well as improved 
upland crop varieties such as com DMR2. A whole farm planning approach 
was used by means of a linear programming (LP) technique such that the 
farm was looked at as a whole entity in trying to improve farm production 
and income. The LP technique was employed to generate optimal farm 
plans specifying combination of crop enterprises and an allocation of 
resources that will increase the cash surplus of the farmer under a given 
set of resource restrictions. Two small farmers with differing asset 
levels from Barrio Cordova Norte in Iloilo were selected as case studies 
in the analysis. 
The poorer farmer was chosen to determine the factors impeding 
farm productivity and what is likely to be applied to other similar 
farmers to improve their situation. On the other hand, the richer farmer 
was also chosen to determine what more is needed to improve further his 
situation. 
Individual farm models were built incorporating the important 
factors relevant to their decision-making. The basic model used treats 
the farm-household as an integrated production-consumption unit 
considering allocation of resources in the whole farm context. It is a 
deterministic LP model associating with it advantages as well as limitations 
94. 
owing to its certain assumptions. 
The impact of the introduction of new technologies was assessed 
by comparing two situations. These were the "historical" situation, in 
which only historical technologies (HTs) were considered, and the "new" 
situation where all the appropriate NTs available in the area were 
included in the farmers' options. The results obtained and the conclusions 
that can be deduced are summarised below. 
First, a new variety with equal growth duration which uses either 
the same or different levels of resources but has a higher yield is 
usually superior to the traditionally used varieties. Its adoption is 
favourable because it generates a higher cash surplus. However, historical 
crops are preferred in situations where farmers feel that new varieties 
need a higher cash input for fertilizer and pesticides. However, the 
improvement in the surplus is not \aniform over the models indicating 
the differential impact on the contrasting types of farms. 
Second, a mix of rice crop establishment methods is specified in 
the solutions expressing the complementarities that exist between different 
technologies. This should be given importance in evaluating technologies 
since usually comparison and evaluation of technologies tend to be biased 
towards a particular technology and completely exclude the others. 
Third, TPR IR36 is often specified in the solutions, however, 
other crops are also specified or are very close to entering the solutions 
due to their low marginal opportunity costs (MOCs). This is brought 
about by their requirement of labour at different times which then reduces 
the opport\inity cost to the farmer. Examination of those crops with an 
MOC of 0 indicates that the solution allows for a staggering of crops, 
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such that their labour resource requirements in particular periods 
complement one another. For exairple, the periods of harvesting are 
dovetailed so that labour is not heavily required in one particular week. 
DSR is not included in the solution if it conflicts with land preparation 
for com and other crops. This implies how the relative areas, and the 
crop performances, in upland and lowland areas within a farm, can 
crucially affect the choice of technology in a part of the farm. 
Fourth, in the historical situation, the marginal value product 
(MVP) of cash is low. This implies that the nature of technology is 
adopted to the resource levels of the farms and without any change in 
technology, additional cash can not substantially improve the farm's 
productive capacities. When NTs were introduced, the MVP of cash rises 
particularly in the farm low in cash. In general, cash tends to be scarce 
in the early part of the crop year until the first harvested crop is sold. 
Also the cash expenditure during this period is quite high due to land 
preparation and other cultivation activities. Hence, it is to be 
expected that highly cash intensive activities are less likely to be 
attractive to the poor farmers in the early part of the year. In individual 
cases, the situations differ owing to differences in resource endowment 
and cash flows. 
Finally, the MPV of family labour is raised similarly in peak 
periods especially for the farmer with less family labour endowment 
because of the institutional restriction that only share labour, aside 
from family labour, can be used for harvesting and threshing. Labour 
cannot be hired for cash payment in such operations but only for weeding, 
fertilizing and other cultural practices. It was observed that the raised 
MVPs of family labour are much higher than the average wage rate in the 
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area. This implies that a cash surplus can be augmented if labour can be 
hired at wage rates below these MVPs. This suggests that the institutional 
restriction on the use of labour pushes the solution away from the profit 
maximising situation and brings about disequilibrium. Reduction in the 
sharing arrangement could alleviate this plight if there is a substantial 
supply of landless workers to provide share labour. But with the low 
supply of such labour in the area, labour-saving technologies would be 
more attractive so that some family labour could be released to other 
profit-improving activities. In such a situation, the adoption of rice 
wet-seeding technologies and mechanisation would be useful. However, the 
degree to which this would be profitable again depends on the farmer's 
endowment of family labour; a farm with a high labour/land ratio would 
find less need for this. 
Parametric programming was also undertaken in this study to extend 
the use of the models beyond actual resource levels in the two case study 
situations. Major resources such as land, labour and capital were 
parametised to explore the effects of changing resource levels on cash 
surplus and choice of technologies. Uncertainty effects were investigated 
by parametising yield. The following conclusions can be drawn from the 
analysis. 
First, doubling of land has a differential impact on the individual 
farmer such that the increase in land substantially increased the surplus 
of the farmer endowed with a smaller farm area. However, more credit 
was obtained. The effect on the richer farmer was not that great since 
the bigger area of land required more labour aside from additional 
capital. The scarcity of labour was felt more by the farmer with more land 
but less family labour as shown by the higher MVPs of family labour. The 
\ 
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increase in land area generally lowered the MVP of land. 
Second, doubling of the family labour available in the farm 
brought about different effects according to each farmer's family labour 
endowment. For the. farmer with more family labour, the increase in such 
labour did not substantially increase the surplus nor affect the adoption 
of technologies. By contrast, in the case of the farmer with less family 
labour, the increase raised the total surplus although the choice of 
technology was not affected. MVPs of family labour decreased implying 
that such labour is not as constraining as before. 
Third, changes in levels of credit availability brought about 
significant changes in surplus and the adoption of technologies. For the 
poorer farmer, a triple increase in credit raised the cash surplus and 
lowered the MVPs of cash, thus favouring more adoption of NTs. For the 
richer farmer, doubling of credit did not affect either the surplus or 
the adoption of NTs at all. However, when he was deprived of loan, his 
cash surplus and the degree of adoption of NTs declined, implying that 
as the cash position of the farmer tightens, the farmer diverts from the 
highly cash intensive modern varieties to low cash intensive ones. This 
stresses the importance of considering the resource base of the farmer 
in evaluating technologies. At low levels of cash, traditional varieties 
of rice were prefereble to the modern varieties, even though they were 
lower yielding, due to the lower cash requirements. 
Fourth, when yield was parametised, the changes made went hand in 
hand with surplus and adoption of NTs. That is, decreases in rice yield 
under NTs were accompanied by decreases in the surplus and less adoption. 
Likewise, increased yield meant more surplus and more adoption of NTs. This 
is suggested by the assumption of linearity in the model. 
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Fifthly, as • TPR is judged to be higher yielding than other 
methods of crop establishment, all rice yields were equalized at TPR 
level to eliminate bias toward this method. The parametric programming 
results specified a combination of different techniques of rice cropping 
thereby suggesting that it is the high yield that accounts for the 
dominance of TPR over other methods. 
In simulating rainfall, it is believed that variability in the onset 
of the wet season influences the farmers' cropping strategies particularly 
under rainfed farms. Permissible first ploughing dates were set for all 
crops to adjust the operation to a probable onset of more rain required by 
the crops. It was found that the effect varies according to each farmer's 
endowment of rainfed land. For the farmer endowed with only rainfed land, 
moving the planting date to later lowered the surplus and the adoption of 
NTs as a result of limited choice of crops and an absence of second 
cropping due to the late planting of the first crop. For the farmer 
endowed with both irrigated and rainfed land, the optimal planting date 
for rice is in week 24 since the rain is sufficient to sustain growth of 
a TPR crop in the field which is high yielding. 
The extent and intensity of adopting NTs were well denoted by the 
resource base of the farmer, particularly the amount of land they use, 
the amount and type of labour they acquire and the amount of cash they 
spend on purchased inputs and the adoption of cultural practices. These 
factors along with the personal characteristics of the farmers appeared 
relevant in affecting their productivity. The findings reflected typical 
farmers' attitudes toward innovations such that they make decisions 
according to their economic capacity. An important implication of this is 
that farmers base their decision-making on their particular economic 
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conditions and on their own perception of what would be economically viable 
for them. Under conditions faced by small farmers, the results 
suggest that income can be improved by selecting more profitable 
enterprises and in some cases additional capital is required. However, 
technical management should also be improved. For a farmer with a low 
educational level, increased effort may be required to achieve higher levels 
of managerial proficiency, particularly if the use of an appropriate 
technology requires reading and mathematical skills. 
The present study provides some insights into the ways by which 
choice of technologies interacts with the resource base of the farmer. 
The modelling process used can have an important application at field 
level and can be used by research workers in identifying suitable 
technologies to farmers' practical situations. However, good basic data 
is needed to elicit the real judgment of the farmers concerned. The study 
still suffers from certain deficiencies such as the following which should 
be considered in future studies. 
First, while the major resources of land, labour and capital 
available to the farmer are all valued according to their actual availability 
and to the demand which exists for them at a particular time, the valuation 
and depreciation of other farm resources such as equipment which are 
important inputs to the farm were ignored. 
Second, in the models, a constant average wage rate over the year 
has been assumed. No doubt seasonal and other variations are likely to 
occur over time owing to cash cost variation and variation in demand 
which then would affect choice of technologies and MVPs of labour. Also, 
the availability of off- or non-farm work for the farmers would need to be 
further studied. 
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Third, livestock enterprises are not considered in the study and 
this generally comprises the fam household activities. The inter-
relation between crops and livestock in mixed farming should be given 
attention as well as the use of adynamic model, especially one including 
perennial crops. 
Fourth, the assumptions of the LP model itself account for the 
limitations in the study. Other types of mathematical programming, as 
well as extensions and modifications of the basic LP technique would be 
helpful to depict a more realistic farming situation. 
Finally, while the large size of the matrix involved in the 
programming technique required a tremendous amount of the limited time 
available, particularly in computer work, the use of more samples was 
not possible. Otherwise, greater generalisation could have been deduced. 
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APPENDIX A 
Source of information and data collection^ 
Three sites in the Philippines were chosen for the IRRI's 
Cropping Systems Program and one of them is the province of Iloilo. Two 
municipalities, Oton and Tigbauan, comprising nine barrios were designated 
as research sites one of which is the village of Cordova Norte in Tigbauan 
where the case study farmers used in the study were drawn from. Forty-
five farmers were picked out from seven villages none of whom refused to 
join as baseline respondents. The two farmers discussed in this thesis, 
Ernesto Tamon and Pascual Tuhao, were dra^ voi from these 45. In January 
1975, a baseline survey was conducted. The main criteria for selecting 
the respondents were: (1) willingness to cooperate for interview; (2) 
must be at least farming h hectare and not over 5 hectares; and (3) must 
be farming within the next two years or beyond in that same barrio. Farm 
record keeping was administered on the economic cooperators. On the other 
hand, 68 farmers from the baseline respondents were deliberately picked out 
by the agronomic researchers from whose one or two fields the new cropping 
patterns would be tested. The record keeping started at the peak of the 
dry season and this was in April 1975. The intensive record keeping study 
had been extended for two years and thereafter a less intensive data 
monitoring for another year would be continued. Several types of farm 
records were kept and are described as follows: 
1. Weekly farm record keeping form. 
This form contains green and white columns. 
Farmers list do\\Ti their activities in the green 
columns and the barrio assistants hired by IRRI 
^ Discussion is heavily dra™ from Servano (1977). 
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translate or code the activities into numeric 
language in the white columns. Each activity 
is indexed by a plot number which indicates 
division or sub-divisions in a parcel where one 
cropping pattern is planted. 
2. Weekly income and expenses form. 
This form bears 29 different farm and 
household items. The information includes the 
individual total of the weekly cash income or 
expenses of each item referred to. The weekly 
cash in and out flow is simply determined by 
grouping all the cash income and likewise all 
the cash expenses from the total column. 
3. Monthly livestock inventory form. 
This form tells of a potential farm power 
in terms of work animals and potential cash 
source. 
The cooperators had been requested to fill up these forms daily 
with the full assistance of barrio assistants. One assistant covered 
about 7 to 8 cooperators who were visited individually twice a week for 
checking and collecting forms. Editing, coding, and tabulating field data 
were done in the office after the field assignment. The data obtained 
were used to: (1) determine the quantities and qualities of available farm 
resources; (2) to identify present cropping patterns and the benefits 
farmers are getting from them for the purpose of comparing benefits of new 
patterns; and (3) to measure the profitability of new patterns as against 
the existing cropping patterns. 
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APPENDIX TABLE la 
Frequency distribution of total income per farmer, 45 Iloilo economic 
cooperators, 1977-78. 
Total Income Number of farms % 
601-2000 7 16 
2001-3400 10 22 
3401-4800 6 12 
4801-6200 7 16 
6201-7600 4 9 
7601-9000 3 7 
9001-10400 0 -
10401-11800 1 2 
11801-13200 3 7 
13201-14600 1 2 
above 14600 3 7 
Total 45 100 
Average income = §6299 Standard deviation = -5805 
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APPENDIX TABLE lb 
Frequency distribution of total annual labour hours per farmer, Iloilo 
economic cooperators, 1977-78. 
Total annual labour (hours) Number of farms. % 
400- 700 11 24 
701-1000 8 17 
1001-1300 6 13 
1301-1600 3 7 
1601-1900 2 5 
1901-2200 1 2 
2201-2500 6 13 
2501-2800 1 2 
2801-3100 - -
3101-3400 2 5 
above 3400 5 11 
Total 45 100 
Average annual labour = 1790 hours Standard deviation = ±1766 
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APPENDIX TABLE Ic 
Frequency distribution of total farm area per farm, 45 
cooperators, 1977-78. 
Iloilo economic 
Total farm area (ha.) Number of farms % 
.400-1.500 21 47 
1.501-2.500 9 20 
2.501-3.500 10 22 
3.501-4.500 3 7 
above 4.500 2 11 
Total 45 100 
Average area = 1.938 ha, Standard deviation = - 1.135 
APPENDIX TABLE Id 
Area and percentage of upland, rainfed, partly irrigated and irrigated by 
total farm area per farm, 45 Iloilo economic cooperators, 1977-78. 
Total farm area (ha, 
Type of land Below .400- 1.501- 2.501- 3. 501- Above Total 
.400 1.500 2.500 3.500 4. 500 4.500 
Upland 
6.026^ {l%)p ±0.33"^ 5 5 
No. of farms 
- - 10 
Rainfed 
50.936 (58%); ±1.13 
1 23 4 4 1 1 34 
Partly irrigated 
8.532 (10%); ±0.82 
- 1 1 - - 1 3 
Irrigated 
21.695 (25%); ±0.86 
2 9 4 1 1 17 
^ Total area in hectares 
^ Percentage 
Standard deviation 
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APPENDIX TABLE II 
Resource and constraint linkages of the new technology vector "transplanted 
IR36, 1st crop, share tenanted rainfed^ land and harvesting by family labour 
(planting week 27) ",,Pascual Tuhao. 
Resources Weeks Resource linkage per ha. of technology 
Share-tenanted rainfed land (ha.) 25-40 +1 
Family (or hired) labour (m/hr.) 23 + 34 
24 + 16 
25 +120 
26 +80 
27 + 387 
30 +45 
32 +5 
39 +225 
40 +295 
Carabao time (an/hr.) 24 +15 
25 +120 
26 + 70 
Cash supply (?) 26 +94 
27 +237 
32 +75 
Palay first crop balance (tons) 39 -1.733b 
On share tenanted land one-third of the crop goes to the landlord, after 
harvesters' share of one-sixth has been deducted. 
Farmers' share = [total yield - harvesters' share of Ve of 
total yield + harvesters' share] 
= [2.400 - Ve X 2.400] + Ve X 2.400 
= 1.733 tons 
APPENDIX TABLE III 
An activity analysis 
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Farmer 
Crop 
Plot 
Pascual Tuhao 
TPR, BE3, 1 crop 
510 (rainfed) 
Barrio 
Year 
Area 
Iloilo 
1975-76 
0.254 ha. 
Week No.—^ s Operation Hours/ha. Kg/ha 
Man Animal Seed Fertilizer Yield 
19 Ploughing seedbed 8 8 61 
20 Ploughing seedbed 12 12 
20 Harrowing seedbed 24 24 
20 Sowing seedbed 12 
24 Weeding seedbed 12 
27 Fixing the bund 71 
27 Ploughing 63 63 
28 Fixing the bund 32 
28 Harrowing 71 71 
28 Pulling & bundling 30 
28 Ploughing 32 32 
28 Transplanting 350 
36 Replanting 8 
36 Weeding 28 
38 Weeding 118 
39 Weeding 63 
39 Fertilizing 8 180.2 (Urea) 
50 Harvesting 79 1,680 
32 (Palay) 50 Piling 
51 Threshing 90 
51 Drying 12 
51 Winnowing 16 
51 Measuring 11 
51 Hauling 16 16 
Note: a/ See code of cropping weeks in Appendix Table V. 
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APPENDIX TABLE IV 
The set of historical technology vectors, "transplanted BE3, 1st crop, 
rainfed land", Pascual Tuhao, Cordova Norte, Iloilo. 
Operations Week no. Man /h rs (ha.) Week no. 
Man/hrs 
(ha.) 
Fixing the bund 20 22 25 26 29 34 30 31 32 34 
a/ Ploughing seedbed— 20 22 25 26 29 21 30 31 32 21 
a/ Harrowing seedbed- 21 24 26 27 30 15 31 32 33 15 
Sowing seedbed 21 24 26 27 30 5 31 32 33 5 
Ploughing—'^ 23 26 28 29 31 64 33 34 35 64 
a/ Ploughing— 24 27 29 30 32 60 34 35 34 60 
a/ Harrowing- 25 28 30 32 34 79 35 36 37 79 
Pulling & Bundling 25 28 30 32 34 140 35 36 37 140 
Transplanting 25 28 30 32 34 242 35 36 37 242 
Weeding 33 36 38 49 42 60 43 44 45 60 
Weeding 35 38 40 42 44 70 45 46 47 70 
Weeding 35 39 41 43 45 70 46 47 48 70 
Fertilizing 36 39 41 43 45 14 46 47 48 14 
Harvesting 49 50 51 52 01 133 02 03 04 109 
Piling 49 50 51 52 01 36 02 03 04 29 
Threshing 50 51 52 01 02 137 03 04 05 112 
Winnowing 50 51 52 01 02 27 03 04 05 22 
Measuring 50 51 52 01 03 14 03 04 05 12 
Hauling 50 51 52 01 03 22 03 04 05 18 
Drying 50 51 52 01 02 22 03 04 05 18 
Vector A B C D E F G H 
Kg/ha g/ha Kg/ha P/ha 
Seed 58 62 58 62 
Fertilizer 197 335 197 335 
b/ Yields/Net returns— 1800 592 1470 242 
— Requirement of animal time also in these weeks 
—^ Net returns = Gross returns less total variable costs. 
APPENDIX TABLE V 
Code of cropping weeks, 
10 9. 
Week Actual dates Week Actual dates 
April 2 - 8 40 Oct. 1 - 7, 
15 April 9 - 15 41 Oct. 8 - 14 
16 April 16 - 22 42 Oct. 15 - 21 
17 April 23 - 29 43 Oct. 22 - 28 
18 April 30 - May 6 44 Oct. 29 - Nov. 4 
19 May 7 - 13 45 Nov. 5 - 11 
20 May 14 - 20 46 Nov. 12 - 18 
21 May 21 - 27 47 Nov. 19 - 25 
22 May 29 - J\jne 3 48 Nov. 26 - Dec. 2 
23 June 4 - 10 49 Dec. 3 - 9 
24 June 11 - 17 50 Dec. 10 - 16 
25 June 18 - 25 51 Dec. 17 - 23 
26 June 25 - July 1 52 Dec. 24 - 31 
27 July 2 - 8 01 Jan. 1 - 7 
28 July 9 - 15 02 Jan. 8 - 14 
29 July 16 - 22 03 Jan. 15 - 21 
30 July 23 - 29 04 Jan. 22 - 28 
31 July 30 - August 5 05 Jan. 29 - Feb. 4 
32 August 6 - 12 06 Feb. 5 - 11 
33 August 13 - 19 07 Feb. 12 - 18 
34 August 20 - 26 08 Feb. 19 - 25 
35 Augus t 27 - Sept. 2 09 Feb. 26 - March 4 
36 Sept. 3 - 9 10 March 5 - 11 
37 Sept. 10 - 16 11 March 12 - 18 
38 Sept. 17 - 23 12 March 19 - 25 
39 Sept. 24 - 30 13 March 26 - April 1 
no. 
APPENDIX TABLE VI 
Crop production vectors in the budgeting model of Pascual Tuhao. 
Historical Technology Vectors 
1. On upland, partly owned, either family or share labour 
Singapore corn, 1st crop (with and without fertilizer) 
Singapore corn, 2nd crop (with and without fertilizer) 
Com/Yambean, 2nd crop, without fertilizer 
Mung, 3rd crop, without fertilizer 
2. On rainfed land, share tenanted or fully owned 
TPR, Camaros, 1st crop 
TPR, IRS, 1st crop 
TPR, BE3, 1st crop 
TPR, Kapopoy, 1st crop 
WSR, Kapopoy, 1st crop 
TPR, BE3, 2nd crop 
New Technology Vectors 
1. On upland, partly owned, either family or share labour 
DMR2 com/lst crop 
DMR2 com/yambean, 2nd crop 
2. On rainfed land, either share tenanted or fully owned 
TPR, IR36, 1st crop 
WSR, IR36, 1st crop 
DSR, IR36, 1st crop 
TPR, IR36, 2nd crop 
WSR, IR36, 2nd crop 
Mung, minimum tillage, 2nd crop 
TPR, IR36, 1st crop/ratoon 
TPR, IR36, 1st crop/ratoon/cowpea 
Sorghum, 2nd crop after TPR 
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APPENDIX TABLE VII 
Crop production vectors included in the budgeting model of Ernesto Tairion. 
Historical Technology Vectors 
1. On upland, fully owned, either family or share labour 
Corn, 1st crop 
Glutinous com, 2nd crop 
Singapore corn, 2nd crop 
Corn/Yambean, 2nd crop 
2, On irrigated land, fully owned or share tenanted and on rainfed land 
fully owned. 
IR28, TPR, 1st crop 
BE3, TPR, 1st crop 
Kapopoy, WSR, 1st crop 
Glutinous rice, 1st crop 
IR2 8, WSR, 1st crop 
IR20, TPR, 2nd crop 
Mung, 3rd crop. 
New Technology Vectors 
1. Upland 
Corn DRM2, 1st crop 
Sorghum, 2nd crop 
Sorghum, 2nd crop, 1st ratoon 
2. On irrigated land, either fully owned or share tenanted 
IR36 WSR, 1st crop 
IR36 TPR, 2nd crop 
IR36 WSR, 2nd crop 
IR36 TPR, 2nd crop/cowpea 
IR36 TPR, 2nd crop/ratoon 
IR36 WSR, 2nd crop/cowpea 
3. On rainfed land 
IR36, DSR, 1st crop 
IR36, TPR, 1st crop 
IR36, TPR, 1st crop/cowpea 
IR36, TPR, 1st crop/ratoon 
IR36, WSR, 1st crop 
IR36, WSR, 1st crop/cowpea 
IR36 TPR, 2nd crop 
IR36, WSR, 2nd crop 
Mung, minimum tillage, 2nd crop 
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APPENDIX TABLE VIII 
The new technology vectors "dry seeded/wet seeded/transplanted IR36, 
rainfed land". Pascual Tuhao's and Ernesto Tamon's farms, 
Cordova Norte, Iloilo. 
Operations (manhours/ha.) DSR"" 
TUHAO 
WSR TPR DSR 
TAMON 
WSR TPR 
Fixing the bund 34 34 34 30 30 30 
Ploughing seedbed^ 10 16 
Harrowing seedbed 5 9 
Sowing seedbed'^ 1 2 
Ploughing^ 90 90 120 86 86 86 
Harrowing^ 48 48 70 76 76 76 
Furrowing^ 60 
Seeding 18 6 18 18 
Fertilizing 1 5 5 5 9 9 16 
Spraying 1 8 7 7 8 8 8 
Pulling and bundling 140 81 
Transplanting 242 155 
Handweeding 1 63 54 45 87 103 70 
Fertilizing 2 5 5 5 9 9 16 
Spraying 2 8 7 7 8 8 8 
Handweeding 2 42 36 58 60 
Harvesting 74 74 74 74 74 74 
Piling 19 19 19 24 24 24 
Threshing 77 77 77 77 77 77 
Winnowing 14 14 14 9 9 9 
Measuring 8 8 8 3 3 3 
Hauling 12 12 12 7 7 7 
Drying 12 12 12 3 3 3 
Total 597 508 907 586 604 770 
c Range of weeks 
1st ploughing seedbed 21-34 21-34 
1st ploughing main area 17-21 19-36 22-35 19-23 20-35 22-35 
Broadcasting 19-23 21-38 19-23 21-36 
Transplanting 24-37 24-37 
Harvesting 34-38 36- 1 36-49 34-38 36-51 36-49 
Material inputs P/ha. 404 404 404 404 404 404 
Yield (kg.Aia.) , 2300 2600 2725 2400 2750 2925 d 
Net returns {¥/ha.) 1561 1976 1819 1698 2062 2130 
Returns to labour® 3.29 4.69 2.45 3.59 4.08 3.29 (P/man.hr) ^ 
Returns to cash (?/?) 5.09 5.89 6.22 5.36 6.28 6.75 
Notes: ^ DSR = dry-seeded rice, WSR = wet-seeded rice, TPR = transplanted rice 
^ Requirement of animal time also for these operations 
c Only first and last weeks are given for each set of vectors 
Net returns = Gross return - total variable cost 
e Returns to labour = Gross returns - labour costs 
Labour (hours) ^ a. 4-" . , . _ Gross ret. - mat. costs ^ Returns to cash (spent on material inputs) -
material costs 
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APPENDIX TABLE IX 
Prices assumed for marketable outputs and purchased inputs, 
for Pascual Tuhao and Ernesto Tamon, Cordove Norte. 
Budgets 
Outputs 
Palay, per ton 
Com, 1st crop, per ton 
Corn, 2nd crop, per ton 
Yambean, per ton 
Mung, per kg. 
Cowpea, per kg. 
g 
10 70 
1300 
1000 
420 
5 • 
2.76 
Inputs 
Hired labour, per hour 
Hired carabao plus man, per hour 
0.62 
1.25 
Urea (45-0-0), per kg. 1.70 
Ammophos (16-20-0), per kg. 1.38 
Solophos (0-20-0), per kg. 1.04 
Furadan, per kg. 5.61 
Thiodan, Endrin, Meptox, Eradex, Hytox, 0.04 
Folidol, and Methyl Phosferna, per cc. 
APPENDIX FIGURE A: Labour Utilisation Over Time (man-hours per week) 
45 Farmers in Iloilo, 1975-78. 
4 2 0 0 -
'14 16 18 
(APRIL 75) 
38 40 42 
W e e k n u m b e r 
10 12 
(MARCH 76) 
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